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REPORT  of  the  COUNCIL. 


DURING  the  Session  1915-16  there  have  been  seven  ordinary 
meetings  and  one  field  meeting  of  the  Society. 

The  communications  made  to  the  Society  at  the  ordinary 
meetings  have  been  representative  of  many  branches  of  Biology, 
and  the  various  exhibitions  and  demonstrations  thereon  have 
been  of  great  interest. 

The  February  Meeting  was  held  jointly  with  the  Students' 
Society,  and  a  lecture  was  given  by  Prof.  Benj.  Moore,  D.Sc., 
F.R.S.,  an  ex-President  of  the  Society,  on  "  The  Growth  and 
Production  of  Inorganic  Segregations  resembling  structures 
from  living  organisms." 

The  Library  continues  to  make  satisfactory  progress,  and 
additional  important  exchanges  have  been  arranged. 

The  Treasurer's  statement  and  balance-sheet  are  appended. 

The  members  at  present  on  the  roll  are  as  follows  :— 
Ordinary  members      ...         ...         ...         ...         ...         50 

Associate  members      ...         ...         ...         ...         ...         14 

Student  members,  including  Students'  Section,  about      30 

Total  94 
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SUMMARY  of  PROCEEDINGS  at  the  MEETINGS. 


The  first  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  October  15th,  1915. 

The  President-elect  (Prof.  Ernest  Glynn,  M.A.,  M.D.) 
took  the  chair  in  the  Zoology  Theatre. 

1.  The  Report  of  the  Council  on  the  Session  1914-1915  (see 

"  Proceedings,"  Vol.  XXIX,  p.  viii)  was  submitted  and 
adopted. 

2.  The  Treasurer's  Balance  Sheet  for  the  Session  1914-1915 

(see  "  Proceedings,"  Vol.  XXIX,  p.  xix)  was  submitted 
and  approved. 

3.  The  following  Office-bearers  and  Council  for  the  ensuing 

Session  were  elected  : — Vice-Presidents,  Prof.  Herdman, 
D.Sc.,  F.R.S.,  and  Prof.  J.  W.  W.  Stephens,  M.D., 
D.P.H.  ;  Hon.  Treasurer,  W.  J.  Halls  ;  Hon.  Librarian, 
May  Allen,  B.A.  ;  Hon.  Secretary,  Joseph  A.  Clubb, 
D.Sc.;  Council,  H.  C.  Beasley,  G.  Ellison,  H.  B. 
Fantham,  D.Sc.,  B.A.,  W.  T.  Haydon,  F.L.S.,  J.  R. 
Hobhouse,  J.  Johnstone,  D.Sc.,  Douglas  Laurie,  M.A., 
W.  S.  Laverock,  M.A.,  B.Sc.,  C.  J.  Macalister,  M.D., 
F.R.C.P.,  Prof.  Macdonald,  B.A.,  W.  Riddell,  M.A.,  and 
E.  M.  G.  Smith  (Miss). 

4.  Prof.  Ernest  Glynn,  M.A.,  M.D.,  delivered  the  Presidential 

Address  on  "  Bacteriology  and  the  War,  with  Comments 
on  the  National  Neglect  of  Science  "  (see  "  Transactions," 
p.  3).  A  vote  of  thanks  was  carried  with  acclamation. 


The  second  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  November  12th,  1915.  The  President 
in  the  chair. 


LIVERPOOL   BIOLOGICAL   SOCIETY. 


Prof.  Herdman  submitted  the  Annual  Report  on  the  work 
of  the  Liverpool  Marine  Biology  Committee,  and  gave 
an  address  on  the  "  Life  and  Work  of  Edward  Forbes, 
the  Manx  Naturalist  "  (see  "  Transactions,"  p.  53). 


The  third  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  December  10th,  1915.  The  President 
in  the  chair. 

1.  Miss  Allen,    B.A.,   exhibited,   with   remarks,    a   copy   of 

Prof.   Edward  Forbes'    "  Oinos   eros   mathesis  "   Club 
prospectus  (see  "Transactions,"  p.  95). 

2.  Miss  Bamber,  B.Sc.,  exhibited  a  series  of  preparations  of 

the  Liver  Fluke  in  various  clearing  media. 

3.  Prof.  Herdman,  F.R.S.,  exhibited  and  described  a  collection 

which  he  had  formed,  designed  to  show  similarity  of 
form  in  certain  organic  and  inorganic  specimens. 

4.  Mr.  Douglas  Laurie,  M.A.,  exhibited  an  old  pattern  micro- 

scope of  considerable  interest. 


The  fourth  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  January  14th,  1916.  The  President 
in  the  chair. 

1.  Mr.  W.  S.  Laverock,  M.A.,  B.Sc.,  gave  an  interesting  lecture 
on  a  recent  visit  to  the  Federated  Malay  States,  in  which 
a  general  account  was  given  of  the  flora  and  fauna  of  the 
country.  A  selection  of  the  specimens  obtained  was  on 
exhibition. 


The  fifth  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  February  18th,  1916,  jointly  with  the 
Students'  Society.  The  President  of  the  Students'  Section 
(Miss  Clark)  in  the  chair. 
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1.  Prof.  Benj.  Moore,  F.R.S.,  an  ex-President  of  the  Society, 
gave  a  lecture  on  "  The  Growth  and  Production  of 
Inorganic  Segregations  resembling  structures  from  Living 
Organisms." 

The  sixth  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  March  10th,  1916.  Mr.  R.  D.  Laurie, 
M.A.,  in  the  chair. 

1.  Prof.  Herdman,  F.R.S.,  exhibited,  with  remarks,  specimens 

in  illustration  of  Prof.  Moore's  lecture  at  the  February 
Meeting,  which,  owing  to  delay  on  railway,  did  not  arrive 
in  time. 

2.  J.  Johnstone,  D.Sc.,  submitted  the  Annual  Report  of  the 

Investigations  carried  on  during  1915  in  connection  with 
the  Lancashire  Sea-Fisheries  Committee  (see  "  Trans- 
actions," p.  99). 

The  seventh  meeting  of  the  thirtieth  session  was  held  at  the 
University,  on  Friday,  May  12th,  1916.  The  President  in  the 
chair. 

1.  Note  on  a  Terebella  tube  new  to  Britain,  by  Arnold  T. 

Watson,  F.L.S.  (communicated  by  Prof.  Herdman)  (see 
"  Transactions,"  p.  161). 

2.  Prof.  Herdman,  F.R.S.,  gave  a  description  of  an  Archaeo- 

logical Find  in  the  Isle  of  Man. 

The  eighth  meeting  of  the  thirtieth  session  was  the  Annual 
Field  Meeting,  held  on  Saturday,  June  3rd.  This  was  held 
jointly  with  the  Liverpool  Geological  Society,  and  a  very 
pleasant  geological  ramble  was  made,  under  the  leadership  of 
Mr.  W.  A.  Whitehead,  B.Sc.,  of  the  Geological  Society,  from 
Thurstaston  to  Heswall.  At  the  short  business  meeting  held 
after  tea,  on  the  motion  of  the  President  from  the  chair, 
Prof.  J.  S.  Macdonald,  B.A.,  was  unanimously  elected  Presi 
for  the  ensuing  session. 
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LIVERPOOL  BIOLOGICAL   SOCIETY 


PRESIDENTIAL  ADDRESS 

ON 

BACTERIOLOGY  AND  THE  WAR,  WITH  COMMENTS 
ON  THE  NATIONAL  NEGLECT  OF  SCIENCE 

BY  ERNEST  GLYNN,  M.A.,  M.D.  Cantab,  F.R.C.P., 

Captain  R.A.M.C.  (T.), 
Professor  of  Pathology  in  the  University  of  Liverpool. 

[Read  to  the  Society,  October  22,  1915.] 

Bacteria  are  usually  classed  as  plants,  but  they  possess 
at  least  one  characteristic  of  animals.*  They  are  one  of  the 
smallest,  but  probably  not  the  smallest,  forms  of  living  matter. 
One  bacterium  may  measure  only  a  1/10,000  of  an  inch. 
Bacteria  may  be  divided  into  two  great,  classes,  the  harmless 
and  the  harmful.  The  latter  are  injurious  on  account  of  the 
poisons  which  they  contain  or  excrete ;  it  is  these  bacteria 
with  which  we  are  specially  concerned  to-night. 

Most  people  are  probably  aware  that  in  war  more  soldiers 
die  of  disease,  than  are  killed  in  battle  or  die  of  wounds; 
a  very  large  proportion  of  the  disease  is  due  to  harmful 
bacteria.  "  From  cholera  the  Allies  lost  10,000  men  in  the 
Crimea  in  1854,  and  it  has  been  stated  that  the  Turks  at  one 
time  during  the  last  Balkan  War  were  losing  upwards  of  500 
men  a  day.  Plague  in  1828  took  a  toll  of  6,000  lives  in  one 
month  from  the  Russian  army  in  Turkey.  From  all  causes 
that  army,  which  left  Russia  100,000  strong,  left  85,000  dead 
on  Turkish  soil,  and  had  half  its  total  strength  in  hospital 
at  one  time. ' ' t  Dysentery  caused  1 ,342  deaths  and  38,000  cases 

*  The  cell  wall  contains  no  cellulose  but  chitin. 

f  "  Sanitation  in  War,"  P.  S.  Lelean.     Churchill,  London,  1915. 
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of  sickness  during  the  South  African  War.  Enteric  in  1870-1 
was  responsible  for  73,000  cases  and  6,900  deaths  in  the 
German  army.  From  the  same  disease  in  the  South  African 
War  we  suffered  a  loss  of  57,000  men  infected,  and  over  8,000 
deaths — the  equivalent  of  two  brigades. 

"  In  our  wars  of  the  past  thirty  years,  for  every  one  man 
killed  by  act  of  the  enemy  we  have  had  forty  hospital  admissions 
and  lost  4-8  lives  from  disease;  while  in  the  South  African 
War,  sickness  was  responsible  for  a  loss  of  86,000  men  by 
death  and  by  invaliding."*  Mr.  Tennant  recently  stated  in  the 
House  of  Commons  that,  "subject  to  certain  reservations,  the 
total  number  of  officers  and  men,  including  native  Indian 
troops,  leaving  the  Gallipoli  Peninsula  on  account  of  sickness 
from  April  25th  to  October  20th  may  be  stated  as  3,200  officers 
and  75,000  other  ranks."  There  is  no  doubt  that  the  majority 
of  these  cases  of  sickness  were  due  to  infections. 

I  will  now  briefly  consider  some  of  the  harmful  bacteria 
which  produce  diseases  like  typhoid,  plague,  cholera,  etc. 
But  you  may  ask  what  proof  is  there  that  the  typhoid  bacillus 
produces  typhoid  or  that  the  diphtheria  bacillus  produces 
diphtheria,  and  that  is  a  very  fair  question. 

Let  us  take  the  particular  instance  of  tuberculosis.  How 
do  we  know  that  tubercle  bacillus  produces  "  consumption  " 
of  the  lungs  ?  We  are  certain  of  it  for  the  following 
reasons.  First,  a  bacillus  of  the  characteristic  appearance  is 
always  found  in  the  lungs  of  patients  suffering  from 
consumption.  Secondly,  this  bacillus  can  be  picked  out  of 
the  lungs,  and  grown  on  artificial  foods  or  "  media "  in 
a  bacteriological  laboratory.  Thirdly,  this  bacillus  when  it 
has  grown,  can  be  injected  into  a  guinea-pig  or  rabbit,  and 
the  animal  develops  "  consumption  "  from  which  it  eventually 
dies.  Fourthly,  the  same  characteristic  bacillus  can  be  picked 
out  from  the  rabbit,  and  when  grown  in  media  is  found  to 

*  "  Sanitation  in  War,"  P.  S.  Lelean.     Churchill,  London,  1915. 
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resemble  exactly  that  grown  from  the  human  being.  There 
are  other  highly  technical  reasons. 

The  most  important  link  in  the  whole  chain  of  evidence 
is  the  production  of  the  disease  by  inoculation  of  animals. 
For  without  this  proof  it  is  difficult  or  impossible  to  establish 
the  fact  that  a  particular  germ  is  the  cause  of  a  particular 
disease.  This  is  partly  because  it  is  unlawful  to  seek  the  truth, 
and  try  and  save  life  by  experiments  upon  human  beings, 
even  criminals  condemned  to  death,  though  it  is  lawful  to 
destroy  life  by  blowing  human  beings  to  smithereens  with 
shot  and  shell,  and  hacking  them  to  pieces  with  swords  and 
bayonets. 

Bacteriologists  have  saved  millions  of  lives  by  showing 
how  certain  diseases  are  spread,  what  precautions  may  be 
taken  to  prevent  their  spread,  and  how  in  some  cases  they 
may  be  cured.  Bacteriologists  will  probably  in  the  future 
entirely  abolish  many  infectious  diseases,  but  bacteriology 
applied  to  medicine  and  surgery  is  very  largely  based  upon 
animal  experiment.  It  is  true  they  are  not  "  vivisected  " 
in  the  ordinary  public  acceptation  of  the  term,  there  is  usually 
no  cutting,  no  necessity  for  an  anaesthetic,  but  only  the 
injection  of  cultures  and  other  materials  with  hypodermic 
needles. 

One  reason  why  the  germs  of  scarlet  fever,  measles, 
mumps  and  typhus  have  not  been  discovered,  is  because 
these  diseases  cannot  apparently  be  produced  in  animals. 
Within  the  last  five  years  the  microbe  of  whooping  cough 
is  said  to  have  been  discovered,  but  we  are  not  sure  whether 
the  true  microbe  has  been  found,  because  the  cultures  have 
no  effect  when  injected  into  any  of  the  lower  animals  with 
the  exception  of  the  monkey.  Bacteriologists  are  not  certain 
yet,  whether  the  disease  which  the  monkey  develops  after  these 
injections  is  whooping  cough  or  not. 
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BLOOD  POISONING. 

The  bacteria  which  produce  blood  poisoning  are  called 
cocci.  They  are  found  in  festered  fingers,  sore  throats,  abscesses, 
and  in  wounds  produced  on  the  battle-field.  Some  of  these 
cocci  are  present  on  the  healthy  skin.  They  are  the  bane  of 
operating  surgeons,  for  they  frequently  infect  his  operation 
wounds. 

It  has  been  found  that  it  is  much  better  to  prevent  the 
bacteria  entering  the  wound  made  by  a  surgeon  (aseptic 
surgery)  than  to  allow  them  to  enter,  and  then  try  and  kill 
them  with  chemicals  (antiseptic  surgery). 

Operative  surgery  in  civil  life  is  mainly  "aseptic,"  but 
operative  surgery  in  war  is  mainly  "antiseptic"  because  the 
bacteria  have  already  entered  the  wounds,  and  attempts 
are  made  to  kill  them  with  chemicals. 

DECAY  OF  TEETH. 

The  decay  of  the  teeth  is  very  largely  brought  about  by 
the  action  of  bacteria.  The  public  is  gradually  being  educated 
to  the  great  importance  of  maintaining  the  health  of  the 
nation  by  attending  to  the  children's  teeth.  In  the  South 
African  War  2,500  were  invalided  owing  to  defective  teeth, 
at  a  cost  to  the  country  of  a  quarter  of  a  million  pounds.* 
The  Warden  of  the  Dental  Hospital  told  me  to-day  that  7,000 
soldiers  have  received  dental  treatment  in  the  Liverpool  area 
since  the  outbreak  of  war.  This  excludes  the  large  numbers 
treated  by  Army  dentists. 

LOCK-JAW  OR  TETANUS. 

The  germ  of  Tetanus  or  Lock-jaw  was  first  cultivated 
by  a  Japanese,  Kitasato  ;  it  has  a  characteristic  appearance, 
being  shaped  like  a  drum-stick,  the  drum-stick  head  being 

*  lancet,  1915,  Vol.  I,  p.  1053. 
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the  spore  or  seed  of  the  bacillus.  Owing  to  this  spore 
the  tetanus  germ  is  difficult  to  kill  by  heat  or  disinfectants. 
It  grows  only  in  atmospheres  devoid  of  oxygen.  Tetanus 
contains  a  poison  which  is  thousands  of  times  more  deadly 
than  a  grain  of  strychnine,  so  that  about  1/30,000  of  a  grain  will 
kill  a  man.  The  microbe  resides  in  the  soil,  particularly  culti- 
vated soil  which  contains  horse  manure,  for  the  organism  is 
constantly  present  in  the  intestines  of  horses.  Gelatine 
which  is  often  made  from  the  horse,  sometimes  contains  the 
spores  of  tetanus,  and  fatal  cases  of  lock-jaw  have  occurred 
in  hospitals  from  the  injection  of  improperly  sterilized  gelatine 
in  the  treatment  of  certain  diseases.  Man  usually  contracts 
tetanus  from  the  contamination  of  cuts,  scratches,  etc.,  with 
soil.  There  is  a  popular  idea  that  cuts  on  the  palm  of  the 
hand  between  the  first  finger  and  thumb  are  specially  liable 
to  give  lock-jaw.  This  is  simply  because  such  cuts  are 
difficult  to  heal  and  are  often  contaminated  with  dirt. 

Unfortunately,  in  the  early  period  of  the  war,  tetanus 
was  very  common  amongst  our  troops  in  Flanders,  where  the 
soil  is  highly  cultivated  ;  several  deaths  occurred  from  it  at 
Fazakerley  Hospital.  Within  the  last  few  months  the  disease 
has  been  almost  exterminated,  for  every  wounded  soldier 
receives  as  soon  as  possible  after  his  injury  an  injection  of 
tetanus  antitoxin,  and  a  tally  is  pinned  on  to  his  coat  indicating 
the  amount  of  serum  injected.  In  a  War  Office  memorandum 
published  last  July  it  is  stated  that  the  results  of  this 
treatment  have  been  excellent.  There  have  only  been  36  cases 
of  tetanus  in  six  months  among  those  who  received  a  pre- 
ventative  dose  of  serum  within  24  hours  of  being  wounded. 
Before  the  treatment  was  instituted,  numbers  of  cases  occurred. 
This  is  one  of  the  greatest  of  the  recent  achievements  of 
scientific  preventive  medicine.  If  the  injection  of  serum  is 
delayed  until  the  patient  has  developed  tetanus  it  is  usually 
of  no  value,  for  certain  technical  reasons. 
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GAS  GANGRENE. 

Another  terrible  microbe  which  has  been  responsible  for 
a  great  many  deaths  is  the  bacillus  of  gas  gangrene.  Like 
tetanus,  it  is  a  spore-bearing  microbe  which  grows  in  an 
atmosphere  devoid  of  oxygen  and  is  also  found  in  cultivated 
soil.  Its  poisons  produce  gangrene  or  death  of  a  limb  in  a  few 
hours,  with  the  formation  of  gas ;  if  an  affected  limb  is  placed 
in  water,  it  may  fizz  like  soda-water.  This  infection  is 
exceedingly  rare  in  ordinary  civil  life.  No  satisfactory  serum 
has  yet  been  discovered  for  it. 

MEDITERRANEAN  OR  MALTA  FEVER. 

The  recent  discovery  of  the  cause  of  Mediterranean  Fever 
is  one  of  the  most  brilliant  in  the  annals  of  medicine.  The 
disease,  which  is  exceedingly  difficult  to  cure  and  often  fatal, 
occurs  in  India,  Africa,  China  and  Europe.  It  was  particularly 
common  in  our  garrison  at  Malta  and  Gibraltar.  Bruce  in 
1886  discovered  the  Micrococcus  melitensis,  and  proved  it  to 
be  the  cause  of  Mediterranean  Fever,  partly  by  the  experimental 
infection  of  monkeys ;  but  the  mystery  as  to  the  spread  of 
this  disease  remained.  In  1904,  the  Royal  Society  sent  a 
Commission  to  Malta  to  investigate  how  the  fever  was  conveyed. 
They  proved  by  experiments  that  it  was  not  carried  by  air 
nor  by  drinking  water,  nor  by  sewage,  nor  by  contact,  nor 
by  biting  insects.  Then  suddenly  the  mystery  was  solved. 
Goats'  milk  was  the  infecting  agent.  The  Commission  found 
that  half  the  goats  in  the  island  were  infected  with  the  micro- 
coccus,  and  10  per  cent,  were  actually  secreting  the  germs 
in  their  milk.  Monkeys  fed  with  the  milk  of  these  goats  almost 
invariably  contracted  the  disease.  The  remedy  was  obvious. 
The  officers  and  men  in  the  garrison  were  prohibited  under 
severe  penalties  from  drinking  goats'  milk — and  the  result 
was  marvellous, 
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The  average  number  of  cases  of  Mediterranean  Fever 
among  the  Army  and  Navy  for  five  years  preceding  1906 
was  555.  In  the  second  half  of  1906  the  drinking  of  goats' 
milk  was  prohibited,  and  there  were  270  cases  of  fever.  Tn 
1907,  21  ;  in  1908,  11  ;  in  1909,  11  ;  in  1910,  4  ;  in  1911,  9 ; 
in  1912,  6.  The  disease  is  still  very  prevalent  among  the  civil 
population  who  persist  in  drinking  goats'  milk,  for  the  average 
number  of  cases  during  the  five  years  preceding  1906  was  632, 
but  they  had  only  diminished  to  318  in  1910.* 

Think  of  the  true  significance  of  this  astonishing  discovery. 
Visitors  to  Malta  will  remember  how  the  ubiquitous  goats 
increase  the  picturesqueness  of  the  streets.  Yet  these  harmless- 
looking,  common,  domesticated  animals,  apparently  in  perfect 
health,  are  veritable  breeding  grounds  of  micrococci,  or  ''germ 
carriers,"  and  have  been  spreading  Mediterranean  Fever  for 
hundreds  of  years — and  no  man  knew  it. 

Fortunately,  Malta  Fever  has  been  rare  in  this  War 
amongst  our  troops,  and  is  not  likely  to  occur  in  epidemic 
form 

SPOTTED  FEVER  OR  CEREBRO-SPINAI;  MENINGITIS. 

This  is  caused  by  a  small  round  microbe  or  coccus  which 
is  difficult  to  grow  artificially.  It  produces  inflammation  of  the 
coverings  of  the  brain  and  spinal  cord,  which  often  terminates 
fatally.  Isolated  cases  of  the  disease  frequently  occur  amongst 
children,  particularly  in  the  spring  and  autumn,  and  occasion- 
ally it  breaks  out  in  epidemic  form  ;  thus  eight  years  ago, 
1,000  cases  occurred  in  Glasgow,  nearly  half  of  which  died. 

This  organism  has  caused  the  Military  Authorities  serious 
trouble  during  last  spring  and  autumn,  for  many  outbreaks 
of  meningitis  occurred,  particularly  in  the  South  of  England. 

*  Eyre,  Lancet,  1912,  Vol.  I,  p.  88,  and  private  communication. 


10  TRANSACTIONS   LIVERPOOL   BIOLOGICAL   SOCIETY. 

It  most  frequently  breaks  out  in  huts  and  barracks  where 
soldiers  are  crowded  together  without  sufficient  ventilation. 
A  remarkable  feature  of  all  epidemics  of  this  disease,  and  one 
which  makes  it  exceedingly  difficult  to  deal  with,  is  the  fact 
that  healthy  persons  who  have  been  in  contact  with  cases  of 
cerebro-spinal  meningitis  frequently  carry  the  germs  in  the 
back  of  their  nose ;  although  they  may  not  themselves 
contract  the  disease,  they  may  infect  other  more  susceptible 
persons.  Consequently,  whenever  a  case  of  cerebro-spinal 
meningitis  occurs  among  soldiers,  all  those  who  have  been  in 
contact  with  the  patient  are  isolated  and  their  nose  examined 
by  a  bacteriologist  to  ascertain  whether  they  are  free  from 
the  coccus. 

Last  spring,  there  were  several  fatal  cases  of  cerebro-spinal 

meningitis  in  a  certain  barracks  at  P — .  I  examined  195 

contacts  and  found  about  four  per  cent,  of  apparently  healthy 
men  were  "  germ  carriers."  They  were  of  course  kept  in 
quarantine  and  their  nose  treated  with  antiseptics  till  the 
germ  was  killed.  The  problem  which  the  Military  Authorities 
have  had  to  face  can  be  gathered  by  the  following  figures. 
There  were  279  cases  among  the  civil  population  of  England 
and  Wales  in  1913,  and  300  in  1914,  but  in  the  first  six  months 
of  1915  there  were  2,290  among  the  civil  population  and  1,088 
among  the  troops  quartered  in  this  country.  The  mortality 
was  about  sixty  per  cent.* 

PLAGUE. 

The  black  death  which  overran  Europe  in  the  Middle 
Ages,  and  later  slew  70,000  of  the  inhabitants  of  London  in 
the  reign  of  Charles  II.,  almost  disappeared  from  the  civilized 
world  during  the  18th  and  19th  centuries,  although  it  slumbered 
in  the  Far  East.  In  1894  a  great  outbreak  occurred  in  Hong- 

*  Reece,  R.  J.,  Journ.  Roy.  A.  Med.  Corps,  June,  1915,  p.  555. 
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Kong,  which  spread  to  India,  and  eventually  reached  Europe, 
attacking  the  ports  of  Marseilles,  Hamburg  and  Glasgow, 
while  isolated  cases  occurred  in  Liverpool. 

Research  has  shown  that  plague  is  due  to  the  Barilla* 
pestis,  and  that  the  bubonic  form,  the  common  type  in  Europe, 
is  entirely  dependent  on  the  infection  of  rats,  the  disease 
being  spread  from  rat  to  rat,  and  from  rat  to  man,  by  means 
of  the  rat  flea.  Fortunately  the  rat  fleas  do  not  usually  bite 
man.  There  have  been  four  fatal  outbreaks  of  human  plague 
in  East  Anglia  within  the  last  six  years,  where  the  disease 
was  first  introduced  into  Suffolk  by  ship  rats  from  plague- 
infected  countries.  A  few  rabbits  also  became  infected. 
Precautions  are  now  taken  in  Liverpool,  London,  and  else- 
where to  prevent  the  ship  rats  from  plague  infected  ports 
coming  ashore,  while  city  and  port  rats  themselves  are  con- 
stantly being  examined  for  plague  bacilli—  7,000  rats  were 
examined  in  Liverpool  last  year. 

So  far  as  I  am  aware,  only  a  few  cases  of  plague  have 
occurred  among  the  belligerent  armies.  The  disease  is  not 
likely  to  spread,  as  the  last  epidemic  which  travelled  from  the 
Far  East  died  down  a  few  years  ago. 

CHOLERA. 

The  microbe  of  cholera  is  curled  rather  like  a  comma,  and 
it  has  a  tail  or  flagellum  at  one  extremity  by  which  it  swims. 
Cholera  is  mainly  spread  by  infected  water.     Three  serious 
epidemics  occurred  in  Liverpool  in  the  early  part  of  the  last 
century,  the  first  being  about  1832.*    Behind  the  Liverpool 
Children's  Infirmary  there  is  a  large  playing  ground, 
many  citizens  realize  that  hundreds  of  victims  of  the  cholera 
microbe  are  buried  there?    Not  a  tablet,  not  a  monum< 
marks  the  spot. 

•It  was  supposed  to  have  Bpread  over  Europe  w  the  iwult  of  the 
Russo-Polic  War  in  1831. 
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"In  the  last  Balkan  War  there  was  an  outbreak  of 
cholera  behind  the  Chataldja  lines,  where  it  is  estimated 
18,000  cases  occurred.  It  spread  to  the  Bulgarian  Army  and 
then  to  those  of  Greece  and  Servia.  In  Europe,  in  1914, 
cholera  prevailed  in  Russia  ;  in  Hungary  in  no  fewer  than  53 
different  centres ;  in  Austria  in  39  centres ;  in  Germany  in  10 ; 
and  in  Turkey  in  2.  In  Asiatic  Turkey  there  were  two  centres 
on  the  Black  Sea."  * 

From  December  27,  1914  to  September  18,  1915,  there 
have  been  27,591  cases  of  cholera  with  15,270  deaths  in 
Austria-Hungary.  The  disease  attained  epidemic  proportions 
in  Galicia  only  ;  civilians  have  been  mainly  infected"  f 

The  British  Government  sent  out  experts  last  year  to 
study  the  special  types  of  cholera  microbes  in  Servia  in  order 
to  prepare  vaccines.  All  British  nurses  going  to  Servia 
last  year  were  obliged  to  be  vaccinated  against  cholera ;  I 
myself  vaccinated  one  nurse  who  had  previously  received 
vaccinations  against  small-pox,  typhoid  and  tetanus.  She 
appeared  to  enjoy  them.  If  the  British  troops  fight  in  the 
Balkans,  they  will  be  protected  against  cholera  by  means  of 
vaccination.  J 

DYSENTERY. 

Dysentery,  an  intestinal  disorder  quite  distinct  from 
typhoid,  is  a  terrible  disease  in  war.  During  the  South 
African  War  there  were  38,108  cases  of  dysentery.  In  her  war 
with  China,  Japan  had  155,104  cases  of  dysentery  with  38,000 
deaths.  §  A  very  large  proportion  of  the  78,000  troops 

*  Simpson,  Lancet,  1915,  Vol.  I,  p.  741. 
t  Brit.  Med.  Journ.,  1915,  Vol.  II,  p.  761. 

{  Cholera  vaccine  is  now  used  extensively  for  our  troops  in  the  Eastern 
Mediterranean  (June,  1916). 

§  Chadwick  lectures,  Lancet,  1915,  Vol.  I,  p.  195. 
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removed  owing  to  sickness  from  the  Gallipoli  Peninsula  were 
suffering  from  dysentery. 

This  disease  is  produced  by  at  least  three  types  of 
dysentery  bacilli,  and  also  by  at  least  one,  probably  two 
or  more  kinds  of  animal  parasites,  an  amoeba  and  certain 
flagellate  organisms.  The  disease  is  spread  mainly  by  drinking 
infected  water,  but  also  by  flies  and  personal  contact.  The 
Turkish  trenches  are  infected  with  it.  An  invalid  soldier  told 
me  the  other  day  that  the  flies  there  were  so  numerous  that 
it  was  necessary  to  wave  in  the  air  every  mouthful  of  food 
before  eating  it  in  order  to  avoid  swallowing  flies.  As  at  the 
siege  of  Lucknow,  there  is  an  "infinite  torment  of  flies.'' 

Unfortunately,  the  brilliant  results  which  have  been 
achieved  in  the  case  of  typhoid  in  the  present  campaign  by 
protective  vaccination  are  impossible  in  dysentery,  partly 
because  this  disease  is  produced  by  so  many  different  kinds 
of  living  organisms. 

ENTERIC  FEVER,  i.e.,  TYPHOID  AND  PARATYPHOID  FEVER. 

The  typhoid  bacillus  is  a  rod-shaped  microbe,  discovered 
by  a  German  in  1880.    The  paratyphoid  bacilli,  for  there  are 
at  least  two  varieties,  were  discovered  about  twenty  years  later. 
Typhoid  and  paratyphoid  bacilli  are  motile  organisms  swim- 
ming by  means  of  flagella  ;  they  are  distinguished  from  one 
another    by    certain    delicate    chemical  tests.     The   former 
produces  the  well  known  typhoid  fever  which  has  a  mortality 
of  from  five  to  twenty  per  cent.,  the  latter  produce  a  disease 
resembling   mild   typhoid  with  a  mortality  under  five  pei 
cent       Typhoid  is  very  common  among  civilians  in  ( 
Britain,    and    paratyphoid    is   rare.    Typhoid  has  been   « 
exceedingly  deadly  war  disease  in  all  campaigns  except 
present.      Its    place    has    been  taken  to  a  large  exte 
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paratyphoid,    for    reasons    which    will    be    alluded    to   sub- 
sequently.* 

Enteric  is  spread  by  the  germs  infecting  water,  milk, 
and  other  food  supplies  such  as  oysters ;  even  ice  containing 
typhoid  is  dangerous.  Dust  and  flies  infected  with  bacilli 
are  also  responsible  for  the  disease,  particularly  in  war  time. 
Investigations  in  Liverpool  show  that  enteric  is  more  common 
in  areas  where  flies  are  abundant.  Enteric  is  rapidly  diminishing 
and  will  soon  become  almost  extinct,  simply  because  science 
has  not  only  discovered  the  microbe  producing  the  disease, 
but  also  how  to  prevent  it  from  entering  the  human  body. 
The  Liverpool  death-rate  from  typhoid  has  fallen  in  thirty 
years  from  21  to  2  per  hundred  thousand. 

GERM  CARRIERS. 

Individuals,  though  they  have  completely  recovered  from 
certain  microbic  or  parasitic  diseases,  sometimes  harbour 
the  germ  for  months  or  even  years,  and  excrete  it  in  large 
numbers  and  so  infect  others.  Such  individuals  are  called 
germ  carriers.  A  classical  example  of  the  "  germ  carrier  " 
is  that  of  "typhoid  Mary,"  who  was  responsible  for  twenty-six 
cases  of  typhoid  fever  in  seven  families  in  America  in  seven 
years.  She  was  finally  arrested  by  the  police,  but  I  believe 
escaped,  and  has  since  spread  typhoid  among  three  other 
families  in  New  York  : — German  families  ! 

Punch  dedicates  several  verses  to  this  interesting  lady, 
it  is  one  of  the  few  pieces  of  poetry  I  know  : 

"  In  U.S.A.  across  the  brook 

There  lives,  unless  the  papers  err. 
A  very  curious  Irish  nook 

lu  whom  the  strangest  things  occur. 
Beneath  her  outsiders  healthy  gloze, 

Masses  of  microbes  seethe  and  wallow, 
And  wherever  Mary  goes 

Infernal  epidemics  follow." 

*  Typhoid  must  be  distinguished  from  typhus,  the  latter  is  a  deadly 
War  disease  and  is  produced  by  an  unknown  living  organism  inoculated 
into  the  blood  by  the  bite  of  body  lice.  No  protective  or  curative  vaccine 
has  yet  been  discovered. 
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The  detection  of  germ  carriers  is  of  vital  importance  to 
the  Army  in  this  war,  particularly  in  the  case  of  Dysentery, 
Enteric,  and  Spotted  Fever.  No  soldier  who  has  recovered 
from  any  of  these  diseases  can  go  on  active  service  until 
bacteriologists  have  proved  by  frequent  examinations  that 
he  is  no  longer  excreting  the  disease  producing  organisms. 

Many  thousands  of  examinations  for  "  carriers "  have 
been  undertaken  in  the  University,  and  the  staff  of  the 
Thompson  Yates,  the  Johnston,  and  the  Tropical  School 
laboratories  have  been  considerably  augmented,  by  the  War 
Office,  in  order  to  cope  with  this  work. 

The  difficulty  of  detecting  carriers  is  sometimes  so  great 
that  every  soldier  convalescent  from  enteric  must  be  examined 
three  times,  and  from  dysentery  three  times,  before  rejoining  for 
active  service.  Three  persistent  paratyphoid  carriers  have 
been  discovered  in  the  Thompson  Yates  laboratories,  and  are 
now  in  the  Military  Typhoid  Camp  where  they  will  doubtless 
remain  till  the  end  of  the  war. 

THE  STRUGGLE  BETWEEN  MAN  AND  MICROBES. 

I  will  now  briefly  allude  to  one  of  the  most  fascinating 
subjects  in  bacteriology,  namely,  some  of  the  methods  by 
which  the  body  defends  itself  against  the  attacks  of  bacteria. 
The  skin  which  covers  the  outside  of  the  body  and  the  mucous 
membrane  lining  the  inside  of  the  nose,  throat,  tonsils,  lungs, 
etc. ,  are  its  first  line  of  defence.  The  lymphatic  glands  draining 
these  areas  form  a  second  line.  Further,  the  mucous  membrane 
of  the  nose  and  throat  is  protected  by  a  layer  of  sticky  material 
which  catches  the  bacteria  as  sticky  fly-paper  will  catch  flies. 

Suppose  I  prick  my  finger  with  a  dirty  pin,  i.e.,  one 
coated  with  harmful  cocci,  in  other  words,  suppose,  by 
means  of  the  pin  prick,  the  cocci  break  through  the  skin 
or  first  line  of  defence,  what  happens  ?  The  first  thing  that 
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happens  is  that  the  cocci  multiply  with  great  rapidity  and 
invade  and  poison  the  tissues.  After  about  twenty-four  hours 
the  injured  part  becomes  swollen,  red  and  painful  because 
inflammation  has  set  in.  The  redness  and  swelling  gradually 
increase,  and  in  a  day  or  two  yellow  matter  or  pus  will  appear  in 
the  centre  of  the  inflamed  area.  Soon  the  matter  escapes  or  is 
let  out  by  the  surgeon,  and  the  redness  and  swelling  disappear. 
The  inflammation  has  subsided  for  the  cocci  are  dead.  How 
has  the  body  succeeded  in  winning  a  victory  over  the  cocci  ? 
The  victory  has  been  won  mainly  by  the  assistance  of  the  blood. 
To  understand  how  this  takes  place  we  must  consider 
the  structure  of  the  blood.  A  single  drop  of  human  blood 
contains,  first,  about  five  million  small  round  bodies,  incapable 
of  movement,  which  carry  oxygen  and  are  spoken  of  as  red 
cells,  for  they  give  the  blood  its  characteristic  colour ;  and 
secondly,  about  ten  thousand  larger  bodies,  white  cells  which 
have  the  capacity  of  movement,  also  of  absorbing  and  digesting 
bacteria — these  white  cells  are  somewhat  similar  to  the  amoebae 
found  in  stagnant  water.  The  third  constitutent  is  the  fluid 
or  blood  plasma  in  which  the  red  and  white  cells  float.  When 
the  battle  is  joined,  battalions  of  white  cells  and  the  plasma 
attack  the  bacteria,  the  white  cells  march  up  to  them,  swallow 
them,  digest  them,  and  so  kill  them..  These  white  cells  are 
called  Phagocytes,  and  they  will  swallow  twenty  or  thirty 
microbes  at  one  meal,  stuff  themselves  till  they  in  turn  are 
destroyed  by  the  poisonous  bodies  of  the  bacteria.  The 
phagocyte  is  usually  compelled  by  an  irresistible  attraction 
to  attack  the  bacterium:  it  is  a  case  of  forcible  feeding. 
One  can  imagine  the  poor  little  creature  who  has  been  obliged 
to  swallow  a  fatal  number  of  bacteria  say,  as  it  dies,  "  you 
made  me  love  and  I  did  not  want  to  do  it."  Thousands  of 
phagocytes  perish  in  the  fray,  and  their  dead  bodies  form  the 
chief  constituents  of  yellow  matter  or  pus  which  appears  after 
the  inflammation  of  the  finger  has  lasted  some  time. 
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But    the    body    also    destroys   the   bacteria   and   their 
poisons  by  the  blood  plasma,  for  it  contains  antibodies  or 
substances    which    are    antagonistic    to    the    bacteria.    The 
properties   of   these   substances   are   wonderful,   some  drive 
the  bacteria  into  clumps  or  concentration  camps,  from  which 
they  cannot  emerge  to  devastate  the  surrounding  country; 
some  dissolve  the  bacteria  as  water  dissolves  sugar;    some 
neutralize  the  poisons  or  toxins  of  the  bacteria,  in  a  manner 
somewhat  resembling  the  neutralization  of  acids  by  alkali, 
these    are    the    antitoxins.     Another    substance,    the    most 
remarkable  of  all,  coats  the  bodies  of  the  bacteria  so  that 
they  become  appetizing  for  the  phagocytes  to  swallow.    This 
substance  is  called  opsonin .     It  is  a  sauce  or  butter  which  covers 
the  microbe,  making  it  attractive  for  the  phagocyte.    Further, 
each  kind  of  bacterium  requires  a  special  type  of  opsonin  or 
sauce,  if  the  best  results  are  to  be  obtained.    The  opsonin 
for  the  tubercle  bacillus  is  different  from  the  opsonin  for  the 
typhoid  bacillus.     The  phagocyte  is  fastidious,  it  does  not 
like  Worcester  sauce  with  plum  pudding. 

The  phagocytes  and  blood  plasma  are  brought  to  the 
battle-field  by  railway  lines,  namely,  the  arteries.     But  suppose 
the  railways  are  not  large  enough  to  bring  sufficient  troops 
to  repel  the  enormous  number  of  invaders,  what  then  ?    The 
body  is  able  to  double  or  treble  the  size  of  the  railways  by 
dilating  the  arteries  so  that  much  larger  reinforcements  of 
plasma  and  phagocytes  are  hurried  to  the  front.    Thus  the 
inflamed  part  becomes  red,  because  the  arteries  have  enlarged 
to  bring  up  more  blood;  the  inflamed  part  becomes  swollen, 
partly  on  account  of  the  enormous  quantities  of  phagocytes 
and  plasma  passing  into  the  tissues  and  partly  on  account 
of  the  accumulation  of  their  dead  bodies  in  the  form  of  Pu, 
or  "matter";  the  inflamed  part  is  painful,  partly  bee. 
the  poisons  of  the  bacteria  irritate  the  nerve  endings, 
is  no  fancy  picture,  but  is  capable  of  scientific  proof. 
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So  the  battle  may  rage  for  weeks  and  months.  The  bacteria 
may  multiply  and  increase  in  virulence,  sometimes  they  secrete 
special  poisons  or  "aggressins"  which  paralyse  the  marching 
power  of  the  phagocyte,  sometimes  they  protect  themselves  with 
special  armour  or  '•  capsules"  which  render  them  impermeable 
to  the  action  of  the  blood  plasma.  The  phagocytes  may 
perish  in  millions,  and  the  railways  leading  to  the  battle-field 
become  blocked  with  the  dead,  and  the  tissues  rot  away,  and 
the  body  become  poisoned,  and  die.  Victory  goes  to  the 
strong,  that  is  the  law  of  Nature. 

Fortunately  for  us,  however,  the  body  is  usually  victorious 
in  the  struggle  ;  if  it  is  structurally  healthy  it  has  one  great 
asset  which  makes  for  victory,  every  cell,  every  organ  does 
its  utmost  to  assist  in  repelling  the  invader.  There  is 
National  Service  and  no  Trades  Union  Restrictions  ! 

The  same  principles  hold  in  the  treatment  and  recovery 
of  wounds  received  on,  the  battle-field.  Many  of  the  clean 
perforations  caused  by  the  modern  high  velocity  rifle  bullet 
are  practically  sterile,  but  the  ragged  wounds  made  by  shrapnel 
and  high  explosives  are  invariably  infected  by  multitudes  of 
bacteria,  some  derived  from  the  mud  and  dirt  with  which 
the  soldiers  are  often  covered,  others  from  fragments  of  clothing 
which  are  frequently  driven  into  the  wound. 

The  field  dressings,  which  consist  of  antiseptic  gauze 
soaked  in  a  solution  of  iodine,  are  applied  partly  to  stop  the 
haemorrhage,  partly  to  prevent  more  microbes  from  outside 
entering  the  wound,  and  partly  to  try  and  kill  some  of  those 
already  introduced.  Later,  the  hospital  surgeon  removes  as 
many  of  the  bacteria  as  possible  by  washing,  perhaps  with 
antiseptics  ;  or  allows  them  to  escape  freely  by  drainage. 

It  may  appear  a  simple  matter  to  kill  the  bacteria  with 
antiseptics  like  mercury,  carbolic,  lysol,  etc.,  but  in  practice 
many  antiseptics  do  more  harm  than  good  for  they  destroy 
the  phagocytes  and  antibodies  in  the  plasma  as  well  as  the 
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bacteria.  Very  extensive  researches  are,  however,  being  made 
into  this  question,  notably  under  the  direction  of  the  Medical 
Research  Committee,  and  a  new  antiseptic,  Eusol,  i.e.,  hypo- 
chlorous  acid,  made  from  bleaching  powder,  has  recently 
been  introduced,  which  seems  to  be  the  most  satisfactory 
that  has  yet  been  devised. 

Another  new  method,  devised  by  Sir  A.  E.  Wright,  of 
treating  badly-infected  wounds  is  to  wash  them  with  solutions 
of  harmless  salts  which  draw  out  from  the  blood  extra  quantities 
of  phagocytes  and  plasma  to  destroy  the  bacteria  and  their 
toxins. 

PROTECTION    AGAINST    MICROBIC    DISEASES    BY    MEANS    OF 
VACCINES  AND  SERA. 

I  have  already  described  Nature's  methods  of  defending 
the  body  against  the  attacks  of  bacteria.  Let  us  next  consider, 
very  briefly,  how  the  application  of  these  and  other  principles 
has  led  bacteriologists  to  devise  new  methods  to  assist  Nature. 
I  will  mention  two  :  first,  the  use  of  vaccines,  the  best  known 
being  typhoid  vaccine ;  second,  the  use  of  sera,  the  best 
known  being  diphtheria  antitoxin. 

In  order  to  understand  the  principles  at  work  I  must 
allude  to  immunity.  Immunity  means  a  complete  or  partial 
resistance  to  a  particular  microbe.  It  may  be  inherited  by 
nature  or  subsequently  acquired  by  training,  e.g.,  man  is  by 
nature  completely  resistant  to  distemper,  but  not  to  plague 
or  typhoid.  •  On  the  other  hand,  dogs  are  by  nature  resistant 
to  typhoid  but  not  to  distemper. 

Both  men  and  animals,  however,  can  be  trained  by  Nature 
to  acquire  considerable  resistance  to  some  microbic  diseases 
to  which  they  are  susceptible,  by  a  single  non-fatal  attack. 
Consequently,  second  attacks  of  typhoid  or  plague  are  rare  in 
man,  and  of  anthrax  rare  in  cattle.  The  recovery  and  subsequent 
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resistance  is  partly  due  to  the  appearance  in  the  blood  of 
new  antibodies,  or  antagonistic  substances  which  damage  or 
destroy  the  disease  producing  microbes.  I  have  already 
alluded  to  these.  Some  drive  the  microbes  into  clumps, 
paralysing  their  movements  ;  some  dissolve  them  ;  some  alter 
them,  so  that  the  living  white  cells  of  the  blood  absorb  and 
digest  them ;  others,  the  well-known  "  antitoxins,"  directly 
counteract  the  poisons  or  toxins.  These  new  antagonistic 
substances  are  so  specialised  that  those  produced  by  an  attack 
of  typhoid  act  only  on  the  microbes  of  typhoid,  and  not  on 
those  of  plague  and  other  diseases.  They  are  formed  by  the 
body  as  a  direct  result  of  the  irritation  of  the  disease-producing 
poisons,  consequently  the  microbes  unwittingly,  and  justly, 
contribute  to  their  own  annihilation. 

As  Nature  can  train  men  and  animals  to  successfully 
resist  second  attacks  of  certain  microbes,  so  man,  years  ago, 
learnt  how  to  train  animals  to  resist  even  first  attacks  of 
similar  microbes,  by  inoculating  them  with  what  are  called 
"  vaccines."  These  vaccines  are  usually  millions  of  DEAD 
microbes,  with  their  poisons  suspended  in  water.  Each  microbic 
disease  requires  its  own  special  protective  vaccine.  A  vaccine 
of  anthrax  microbes  only  protects  against  anthrax.  Proper 
doses  of  any  vaccine  produce  a  very  mild  and  greatly  modified 
attack  of  the  disease  without  risk,  for  the  microbes  are  dead, 
and  so  cannot  kill  the  patient  by  multiplying  enormously, 
and  thereby  producing  too  much  poison.  The  inoculations 
also  cause  the  special  antagonistic  substances  to  appear  in 
the  blood.  These  facts  are  common  knowledg'e  amongst 
bacteriologists. 

There  is  nothing  miraculous  or  absurd  in  the  idea  of 
training  men  or  animals  to  resist  large  doses  of  living  bacteria 
"by  administration  of  small  doses  of  dead  ones.  Many  of  us 
frequently  "  vaccinate  "  ourselves  with  small  doses  of  tobacco 
or  alcohol  till  we  are  able  to  resist  large  doses  with  impunity. 
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Most  people  who  smoke  are  ill  after  their  first  pipe.  An  old 
toper  can  consume  with  impunity  quantities  of  raw  whiskey 
sufficient  to  kill  a  teetotaller.  A  morphia-maniac  can  take 
doses  of  morphia  sufficient  to  kill  ten  ordinary  individuals 
unaccustomed  to  it.  Man  first  applied  these  principles  to 
preventing  anthrax,  a  serious  disease  among  cattle  and  sheep. 
Over  four  and  a  half  million  animals  were  inoculated  against 
anthrax  during  sixteen  years  in  France,  and  the  death-rate 
has  been  reduced  in  infected  areas  from  10  per  cent,  to  0-9  per 
cent. 

Man  next  learnt  that  he,  as  well  as  animals,  could  be 
protected  by  vaccines,  e.g.,  against  plague  and  cholera, 
consequently  hundreds  of  lives  have  been  saved.  These 
inoculations  also  produce  special  antagonistic  substances  in 
the  blood. 

ANTI-TYPHOID  INOCULATION. 

In  1895,  that  brilliant  worker,  Sir  A.  E.  Wright,  extended 
this  principle  by  introducing  a  typhoid  inoculation  of  dead 
typhoid  microbes.  He  tried  it  on  a  fairly  large  scale  in  the 
Boer  War  ;  about  one  quarter  of  the  troops  received  two  or 
only  one  inoculation.  The  chance  of  contracting  typhoid 
among  the  protected  was  thereby  considerably  reduced, 
while  the  chance  of  recovery,  if  the  disease  was  contracted, 
was  greatly  increased. 

Since  this  period  the  efficacy  of  the  inoculations  has  been 
greatly  improved  by  certain  important  alterations  in  the 
manner  of  preparation  and  administration.  They  have  now 
been  used  with  most  satisfactory  results  by  the  Italians  in 
Tripoli,  the  French  in  Morocco  and  at  home,  the  British  in 
India,  also  in  the  Japanese  Army  and  Navy,  and  in  the  U 
Army.* 
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The  appearance  of  new  typhoid  antagonistic  substances 
in  the  blood  after  inoculation  has  been  confirmed  by  in- 
dependent observers  in  England,  America,  and  elsewhere. 

The  most  careful  comparative  tests  made  in  the  Indian 
Army  during  1909  showed  that  of  10,378  inoculations  5-39 
per  1,000  contracted  the  disease,  while  8*9  per  cent,  of  these 
died  ;  whereas  of  8,936  uninoculated  30*4  per  1,000  contracted 
the  disease,  and  of  these  16-9  per  cent.  died.  These  figures 
have  been  analysed  by  an  expert  in  statistics,  who  found  that, 
even  "  arranging  them  in  their  worst  possible  way,"  they  had 
still  a  large  proportion  in  favour  of  inoculation.* 

Among  30,325  inoculated  French  troops  not  a  single  case 
of  typhoid  occurred,  although  among  the  uninoculated  the 
case  rate  was  2*22  per  1,000  for  home  troops,  and  6'34  per  1,000 
for  the  colonial  troops.* 

I  show  you  the  latest  available  figures  on  the  results  of 
anti-typhoid  inoculation  for  the  British  Expeditionary  Forcef 
compared  with  the  number  of  cases  of  typhoid  in  some  previous 
wars. 


Cases 
of 
Typhoid. 

Deaths. 

Case 
Mortality. 
Per  cent. 

Inoculated,  90  per  cent,  of  Force  

299* 

20 

6-7 

Not  inoculated   10  per  cent  of  Force  

481 

100 

20-79 

Of  these,  142  received  only  one  inoculation. 


*  References  given  in   "  The  Principles  and  Practice  of  Antityphoid 
Inoculation,"  by  E.  Glynn,  Liverpool  Medico-Chirurgical  Journal,  July,  1915. 

t  British  Medical  Journ,,  May  8,  1915,  p.  819. 
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OBJECTIONS  TO  INOCULATION. 

1.  Improved  sanitation  is  said  to  be  the  sole  cause  of 
the  great  diminution  of  typhoid  in  recent  years  among  many 
civilized  nations.      This  is  inaccurate.     Although  improved 
sanitation  is  partly  responsible,  yet  it  cannot  possibly  explain 
the  two  facts  observed  independently  in  various  countries. 
Firstly,  the  protected  individuals  contract  typhoid  far  less 
frequently  than  the  unprotected  under  similar  sanitary  con- 
ditions.    Secondly,  if  the  protected  do  contract  the  disease, 
their  chances  of  recovery  are  much  greater  than  the  unprotected. 

2.  Inoculation    is    injurious   to    health.      This   is   also 
inaccurate.    There  is  no  doubt  that  several  of  those  inoculated 
during  the  Boer  War  were  severely  ill  for  a  few  days  after- 
wards, but  in  recent  years,  owing  to  improved  methods,  such 
illness    is    exceedingly    rare,    and   is    due   to  most    unusual 
susceptibility.      The  six  presidents  of  the  Royal  College  of 
Physicians  and  of  Surgeons  in  England,  Scotland  and  Ireland, 
have   recently   stated   that    "  with   proper   care   inoculation 
has  never  been  known  to  do  a  man  harm." 

Of  course  soldiers  have  died  after  vaccination,  but  there 
is  no  proof  that  they  have  died  because  of  vaccination.  The 
temporary  illness  which  occasionally  follows  inoculation  has 
been  greatly  exaggerated  by  those  who  will  not,  or  cannot, 
trust  the  scientific  men  who  have  studied  the  question,  or 
are  unable  to  appreciate  the  valuable  evidence  or  to  realize 
the  ravages  in  war  time. 

The  opposition  to  vaccination  is  almost  entirely  the 
result  of  the  propaganda  of  the  anti-vivisectionists,  who  are 
adepts  at  the  art  of  suppressio  veri  and  suggestio  faki.  Their 
virulent  opposition  is  largely  due  to  the  fact  that  they  realise 
how  enormously  bacteriology  is  indebted  to  the  experimental 
inoculation  of  living  animals.  Their  present  high  priest  is  one 
Walter  Hadwen,  M.D.,  L.S.A.,  J.P.  This  amusing  individual 
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states  in  a  recent  pamphlet  that  "  the  germs  of  typhoid  fever 
have  never  been  proved  to  exist."  How  can  one  argue  with 
such  invincible  ignorance  ! 

Typhoid  vaccine  has  been  so  successful  that  typhoid  is  no 
longer  a  disease  of  military  importance  in  the  British  Army.  It 
has,  however,  been  partly  replaced  by  the  less  dangerous 
paratyphoid,  against  which  typhoid  vaccine  gives  no  protection. 
Paratyphoid  is  spreading,  as  all  war  diseases  do,  because 
sanitary  precautions  possible  in  peace  are  impossible  in  war. 
Recently  (Jan.,  1916),  however,  a  new  vaccine  which  contains 
paratyphoid  as  well  as  typhoid  bacilli  has  been  introduced,  and 
I  have  not  the  slightest  doubt  that  the  number  of  paratyphoid 
cases  will  soon  rapidly  diminish. 

The  anti-vivisectionists  have  recently  dared  to  state  that 
the  medical  profession  has  introduced  "  a  new  title  of  disease 
under  which  to  class  inoculated  men  who  have  contracted 
typhoid  fever,  and  so  improve  the  statistics  in  favour  of  typhoid 
inoculation."  This  is  a  frigid  lie.  Paratyphoid  fever  was 
known  long  before  typhoid  vaccines  were  extensively  used. 
The  advance  of  medical  knowledge  in  the  past  has  frequently 
shown  that  what  was  first  considered  to  be  one  disease  is 
really  two  diseases.  Time  was  when  chicken-pox  and  smallpox 
were  considered  to  be  one  disease,  when  measles  and  scarlet 
fever  were  considered  to  be  one  disease,  when  typhoid  and 
typhus  were  considered  to  be  one  disease.  The  most  rabid 
anti-vaccinationist  has  never  yet  dared  to  state  that  the 
medical  profession  invented  "  a  new  title  of  disease,  '  chicken- 
pox,'  in  order  to  improve  the  statistics  of  'smallpox.' ' 

We  are  waging  the  most  bloody  war  in  our  history,  a  war 
upon  which  our  national  existence  and  the  welfare  of  all 
members  of  this  Society  depend.  Enteric  haunts  our  armies 
like  a  spectre,  because  many  ordinary  sanitary  precautions 
practised  in  peace  are  utterly  impossible  in  war.  It  is  always 
prevalent  in  France  and  Belgium,  and  the  wet  season  is  highly 
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favourable  to  the  spread  of  the  disease.  Our  brave  soldiers 
are  struggling  during  the  autumn  and  winter  in  "  one  vast  bog." 
They  live  in  trenches,  and  are  usually  soaked  with  water  and 
caked  with  mud,  at  times  contaminated  with  enteric  bacilli. 
Under  such  conditions,  and  because  they  are  also  constantly 
under  fire,  they  cannot  always  drink  "  clean  "  or  enteric-free 
water  from  "  clean  "  vessels,  or  eat  "  clean  "  food  with  "  clean  " 
hands. 

A  soldier  with  enteric  is  useless  and  a  hindrance  to  the 
Army  ;  still  worse,  he  is  a  positive  danger  to  his  comrades 
by  increasing  the  chance  of  their  contracting  the  disease. 
Science,  especially  British  science,  has  forged  a  new  weapon — 
anti-enteric  inoculation — to  combat  a  war-haunting  microbe 
more'  deadly  than  bullets.  It  is  our  duty  as  patriots  to 
encourage  the  use  of  this  weapon  by  every  means  in  our  power, 
for  then  we  shall  be  helping  to  save  brave  men,  and  so  help 
to  save  our  country  ! 

PROTECTION  BY  MEANS  OF  SERA. 

The  second  of  the  new  methods  devised  by  bacteriologists 
to  assist  Nature  in  defeating  the  invasions  of  bacteria  is  the 
use  of  sera ;  the  most  notable  examples  being  diphtheria  anti- 
toxin and  tetanus  antitoxin. 

Diphtheria  antitoxin  is  manufactured  by  training  the 
blood  of  horses  to  resist  diphtheria,  with  gradually  increasing 
doses  of  the  dead  bodies  of  diphtheria  bacilli  and  their  poisons, 
that  is  to  say,  with  gradually  increasing  doses  of  diphtheria 

vaccines. 

After  about  six  months'  treatment  the  horse  has 
so  resistant  to  the  poisons  or  toxins  of  diphtheria  that  the 
original  dose  can  often  be  increased  5,000  times  with 
horse  experiencing  the  slightest  inconvenience,  though  t 
dose  would  be  sufficient  to  kill  hundreds  of  unprotected  hor 
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Several  pints  of  the  horse's  blood  are  now  drawn  off  with  a 
sterile  needle  and  allowed  to  clot,  and  the  clear  fluid  or  serum 
which  soon  appears  is  found  to  contain  diphtheria  antitoxin, 
i.e.,  substances  which  have  the  properties  of  neutralizing  the 
poison  or  toxin  of  diphtheria.  This  antitoxic  serum  is  injected 
into  diphtheria  patients. 

It  must  be  clearly  understood  that  the  horse  suffers 
practically  no  discomfort,  and  remains  in  perfect  health. 
Indeed,  if  its  health  was  not  perfect,  the  amount  of  antitoxin 
manufactured  would  be  greatly  diminished.  Tetanus  antitoxin 
is  made  in  the  same  way. 

Diphtheria  antitoxin  is  extensively  used  in  treatment  of 
diphtheria  in  every  civilized  country  in  the  whole  world. 
The  treatment  has  saved  hundreds  of  thousands  of  lives, 
and  it  is  based  upon  scientific  principles  which  are  absolutely 
unassailable. 

The  value  of  diphtheria  antitoxin  can  be  proved  in  another 
way,  if  ten  guinea-pigs  are  divided  into  two  batches  of  five 
each,  and  one  batch  is  inoculated  with  diphtheria  toxin  alone, 
and  the  other  batch  is  inoculated  with  diphtheria  toxin  and 
diphtheria  antitoxin  together,  the  first  batch  will  all  die  and 
the  second  batch  will  all  live. 

Ignorant  critics  say  that  diphtheria  antitoxin  is  useless, 
because  in  certain  great  cities  the  total  number  of  deaths  from 
diphtheria  has  not  greatly  diminished.  This  is  no  reflection 
whatever  on  the  value  of  treatment,  because  the  crowding 
together  of  people  in  the  cities  increases  the  number  of 
cases  of  diphtheria,  consequently,  even  though  a  relatively 
smaller  number  of  the  infected  die  than  formerly,  yet  the 
death-rate  is  not  diminished  to  the  same  extent  as  it  would 
be  if  there  was  no  increase  in  the  number  of  cases.  One  might 
just  as  well  argue  that  life-boats  are  no  use  for  saving  sailors 
from  shipwrecks,  because  the  number  of  sailors  drowned  on  a 
particular  coast  has  not  greatly  diminished,  since  the  intro- 
duction of  life-boats ! 
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ULTRAMICROSCOPIC  MICROBES. 

I  have  told  you  that  the  size  of  a  microbe  is  about  1/10,000 
part  of  an  inch,  and  until  recently  they  were  believed  to  be 
the  smallest  living  creatures.  But  in  the  last  few  years  other 
living  organisms,  capable  of  producing  disease,  have  been 
discovered,  which  are  so  small  that  the  majority  have  never 
been  seen  even  with  microscopes  magnifying  three  or  four 
thousand  times.  These  organisms  are  called  ultramicroscopic 
organisms.  They  are  also  called  "filter  passers"  because  they 
are  so  minute  that  they  will  pass  through  the  pores  of  a  porcelain 
filter  which  will  filter  out  any  known  bacteria,  as  in  the 
purification  of  water. 

These  ultramicroscopic  bodies  produce  foot-and-mouth 
disease,  cattle  plague,  sheep-pox,  hog  cholera,  dog  distemper 
in  animals.  Their  existence  has  been  proved  partly  by  the 
fact  that  fluids  from  animals  suffering  from  foot-and-mouth 
disease,  etc.,  which  have  been  passed  through  a  porcelain 
filter,  still  produce  the  particular  disease  when  inoculated  into 
a  second  and  healthy  animal.  It  is  highly  probable  that 
chicken-pox,  smallpox,  measles,  scarlet  fever  and  yellow  fever 
are  also  caused  by  ultramicroscopic  organisms,  but  as  it  is 
difficult  or  impossible  to  produce  such  diseases  in  animals  by 
inoculation,  we  are  not  certain.  Some  day  science  will  see 
these  bodies,  but  the  time  is  not  yet. 

THE  VALUE  OF  A  SCIENTIFIC  EDUCATION.* 
I  have  tried  to  describe  some  of  the  bloodless  victories 
of  the  Science  of  Bacteriology,  victories  which  are  helping 
us  to  win  the  war.    I  want  now  to  draw  your  attention  t 
the  value  of  scientific  education. 

and  May  Vl.  1916  (Reference,  ***•**>*£?  A    Robotu  »nd  other., 


28  TRANSACTIONS  LIVERPOOL  BIOLOGICAL   SOCIETY. 

If  we  look  at  the  relative  sizes  of  the  largest  and  best 
English,  American  and  German  handbooks  of  Medical  Bacteri- 
oln-v,  we  find  that  the  English  and  American  books  contain 
under  900  small  pages,  the  German.  5,590  large  pages.*  That 
gives  a  rough  indication  of  the  relative  amount  of  work  which 
has  been  done  on  this  subject  by  the  three  nations. 

If  we  consider  the  articles  constantly  used  in  a  bacterio- 
logical laboratory  such  as  microscopes,  reagents  and  glass 
apparatus,  we  find  that  the  best  microscope  costs  about  £100. 
Unfortunately,  it  is  made  in  Germany.  Time  was  when  the 
best  and  most  expensive  microscopes  were  made  by  Ross, 
or  Powell  and  Lealand  in  England. 

The  best  dyes  procurable  are  also  made  in  Germany. 
Perkin,  an  Englishman,  was  largely  responsible  for  the  discovery 
of  aniline  dyes,  and  "during  the  period  1860-1865  Great 
Britain  was  the  chief  centre  of  the  dyes  industry,  but 
unfortunately  the  necessity  for  continuous  and  careful  research 
work  was  little  appreciated  in  England"  (C%  consequently 
we  lost  the  industry.  At  the  present  time  we  import  dyes 
to  the  value  of  £2,250,000,  of  which  £1,750,000  come  from 
Germany,  and  the  industries  in  which  these  dyes  play  an 
important  or  essential  part  are  estimated  at  £200,000,000  per 
annum  .f 

The  German  dominance  in  the  chemical  world  is  largely 
due  to  research.  "  The  Hoechst  works  employ  350  research 
chemists,  the  Badische  Company  about  the  same  number,  and 
the  Baeyer  Company  nearly  as  many,  in  all — about  1,000 
University-trained  chemists,  many  with  the  highest  degrees."  (C) 
It  has  been  calculated  that  in  Germany  there  is  one  University 
chemist  to  every  50  workmen,  whilst  in  Great  Britain  the 
ratio  is  certainly  not  higher  than  1  to  500.  "  There  were  only 
1,500  trained  chemists  in  this  country."  (Viscount  Haldane.) 

*  Kollc  und  Wassermann. 

t  See  Gardner,  \V.  M.,  The  Brit.  Coal  Tar  Industry.  Williams  &  Norgate, 
London. 
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The  glass  apparatus  used  in  the  laboratory  was  also, 
until  recently,  all  made  in  Jena,  Germany.  British  science 
and  industry  has  been  seriously  handicapped  since  the  beginning 
of  the  War  by  the  lack  of  proper  glass  apparatus.  The  first 
specimens  of  English  glass  supplied  to  my  laboratory  were 
pathetic  failures;  more  recent  samples  have  shown  a  great 
improvement.  I  have  no  doubt  in  time  we  shall  be  able  to 
supply  perfect  imitations  of  the  German  articles,  though 
probably  at  a  higher  price.  But  this  is  not  enough,  we  must 
surpass  them.  To  accomplish  this  we  must  remember,  as 
King  Edward  said  six  years  ago  at  the  opening  of  the  Congress 
of  Applied  Chemistry,  "  that  rule  of  thumb  is  dead  and  rule 
of  science  has  taken  its  place  .  .  .  ,  those  great  industries 
which  do  not  keep  abreast  of  the  advance  of  science  must 
surely  and  rapidly  decline." 

It  is  little  short  of  a  disgrace  to  a  great  nation  that  the 
best  microscopes  and  glass  apparatus,  dyes,  and  chemicals, 
should  be  made  in  Germany.  In  my  opinion  the  British, 
as  a  nation,  are  at  present  far  less  scientific  than  the 
Germans.  We  do  not  sufficiently  appreciate  the  extraordinary 
importance  of  scientific  methods  and  of  scientific  research, 
and  of  the  application  of  results  of  scientific  research  to  com- 
merce, to  industry,  to  war,  and  to  every  department  of  life. 
Our  national  attitude  towards  science  is  illustrated  by  the 
following  examples  : — A  Liverpool  would-be  V.A.D.,  whose 
name  I  can  give,  while  waiting  for  her  qualifying  viva-voce 
examination,  thought  a  patient's  temperature  was  taken  with  a 
barometer !  A  classic,  whose  name  I  can  give,  recently  elected 
to  a  fellowship  at  one  of  the  older  Universities,  was  surprised, 
even  interested  to  learn,  that  there  are  other  Elements  besides 
those  of  Pythagoras,  viz.,  Earth,  Air,  Fire  and  Water !  During 
the  present  war  the  Research  Department  of  the  Royal 
Woolwich  Arsenal  advertised  for  University-trained  Research 
Chemists,  at  wages  of  £2  Os.  Qd.  per  week  !  (italics  mine).  A 
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Cabinet  Minister  said,  in  the  House  of  Commons,  that  his 
colleagues  should  be  excused  for  not  having  prevented  the 
exportation  of  fat  into  Germany,  since  it  had  only  recently 
been  discovered  that  glycerine,  which  is  used  for  the  manu- 
facture of  explosives,  could  be  obtained  from  lard  ! 

"  In  the  whole  history  of  the  British  Government  there 
has  been  only  one  Cabinet  Minister  who  was  a  trained  pro- 
fessional man  of  science — the  late  Lord  Play  fair  "  (A).  "Apart 
from  a  handful  of  University  members,  which  includes  Sir 
Joseph  Larmor  and  Sir  Philip  Magnus  as  the  sole  representatives 
of  the  most  neglected  branch  of  human  activities,  there  is  not 
one  scientific  man  in  the  roll  of  the  House  of  Commons.  In 
the  House  of  Lords  science  is,  indeed,  represented  by  two 
hereditary  peers,  Lord  Rayleigh  and  Lord  Berkeley ;  but 
there  have  been  no  scientific  men  called  to  the  peerage  since 
the  deaths  of  Lord  Kelvin,  Lord  Lister,  and  Lord  Avebury. 
The  esteem  in  which  science  is  held  may  be  measured  by  the 
suggestion  in  Lord  Dunraven's  scheme  for  the  reform  of  the 
House  of  Lords,  that  in  the  future  it  should  consist  of  400 
members,  whereof  two  should  represent  art,  literature  and 
science"  (R). 

"  The  Government  has  given  a  large  sum  for  the  establish- 
ment of  a  National  Physical  Laboratory,  but  the  German 
Government  gives  three  times  as  much,  and  the  United  States 
Government  four  times  as  much  for  their  Corresponding 
National  Institutions  "  (B).  "  The  year  before  the  War,"  says 
Lord  Montagu  of  Beaulieu,  "  Germany  spent  seven  millions 
on  aviation,  largely,  admittedly,  in  experiments,  in  order  to 
get  certain  results  ...  we  had  great  difficulty  in  getting 
£500,000  for  the  same  purpose."  The  British  Admiralty, 
he  says,  "  up  to  a  few  days  ago,  was  employing  four  or  five 
people  to  try  and  solve  a  certain  problem  ;  a  great  American 
(A)  Company  is  employing  two  hundred  with  the  same  object. 
A  firm  of  German  chemists  acknowledges  to  spending  approxi- 
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mately  £1,000,000  in  successfully  solving  the  problem  how 
to  make  synthetic  Indigo  on  a  commercial  basis."  *  (C.) 

But  we  are  beginning  to  wake  up  and  face  the  facts. 
On  the  16th  May,  1915,  "  A  deputation  from  the  Royal  Society 
and  the  Chemical  Society  was  received  by  the  Presidents  of 
the  Boards  of  Trade  and  Education.  The  deputation  was 
introduced  by  Sir  William  Crookes,  President  of  the  Royal 
Society,  and  Professor  W.  H.  Perkin,  Sir  William  Tilden, 
Professor  P.  Frankland,  Professor  W.  J.  Pope.  Dr.  M.  0. 
Forster,  who  spoke  in  support  of  memorials  from  the  two 
societies,  indicated  the  steps  which  might  be  taken  to  improve 
the  status  and  efficiency  of  the  chemical  industries  and  those 
engaging  in  them  in  the  United  Kingdom.  The  speakers 
said  that  the  comparatively  backward  state  of  certain  industries 
in  this  country  was  due  to  a  failure  to  realise  that  modern 
industry  must  be  based  on  scientific  research,  to  the  lack  of  the 
association  between  modern  manufacturers  and  science,  to 
want  of  scientific  knowledge  and  appreciation  of  the  importance 
of  scientific  work  among  the  public  generally,  and  to  the  lack 
of  organization  among  the  various  chemical  and  allied  industries. 
The  memorials  submitted  by  the  deputation  urged  that  the 
Government  should  give  more  assistance  to  scientific  research 
for  industrial  purposes,  should  encourage  closer  relations 
between  the  manufacturers  and  science  workers,  and  should 
establish  a  National  Chemical  Advisory  Committee  for  these 
purposes." 

The  President  of  the  Board  of  Education  has  recently 
said  "  the  war  had  brought  home  to  the  Government  that 
they  were  far  too  dependent  for  many  processes  upon  the 
foreigner,  and  it  was  essential,  if  they  were  going  to  maintain 
their  position  in  the  world,  to  make  better  use  of  their 
scientifically-trained  workers.  They  must  increase  the  number 
of  workers,  and  they  must  endeavour  to  secure  that  industry 
*  Badische  Soda  Fabrik  at  Ludwigshafen. 
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was  more  closely  associated  with  scientific  workers,  and  promote 
a  proper  system  of  encouragement  of  research  workers, 
especially  Universities.  The  fault  in  the  past,  no  doubt, 
had  been  partly  due  to  the  remissness  of  the  Government 
in  failing  to  create  careers  for  scientific  men." 

On  July  1st,  1915,  Lloyd  George  stated,  in  Parliament, 
that  he  was  fully  alive  to  the  great  importance  of  securing 
the  co-operation  of  scientific  workers  throughout  the  country, 
and  of  utilizing,  as  far  as  practicable,  the  laboratories  and 
workshops  of  Universities  and  Technical  Schools. 

These  statements  made  by  Cabinet  Ministers  are  most 
encouraging,  especially  as  we  are  chiefly  governed  by  lawyers 
educated  in  classics,  whose  intellects,  sometimes  brilliant,  are 
trained  to  regard  dialectical  skill,  precedence,  authority,  and 
expediency,  as  more  important  than  facts.* 

Recently  the  State  has  appointed  an  Advisory  Council  on 
Scientific  and  Industrial  Research  to  promote  co-operation 
between  manufacturers  and  scientific  workers.  The  British 
Science  Guild  has  also  been  founded  "  with  the  object  of 
introducing  scientific  organisation  and  thought  into  the  affairs 
of  the  nation."  A  very  influential  committee  has  been 
formed  on  "  Neglect  of  Science,"  which  held  an  important 
conference  at  Burlington  House.  The  newly  appointed  Medical 
Research  Committee  is  doing  a  most  valuable  work  for  the 
National  Health  Insurance  Committee. 

"VESTED  INTERESTS"  IN  CLASSICS. 

The  national  neglect  of  Science,  with  all  its  disastrous 
consequences  in  peace  and  especially  in  this  war,  is  largely  due 
to  the  dominance  of  the  "vested  interests"  in  classics. 

"  I  saw  a  statement  the  other  day  that  the  operations  not  only  of  our 
Army  but  of  our  Allies  were  being  crippled,  or  at  any  rate  hampered,  by 
oar  failure  to  provide  the  necessary  ammunition.  There  is  not  a  word  of 
truth  in  that  statement "  (italics  mine).— Mr.  Asquith  at  Newcastle,  April  20th, 
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"  At  Cambridge,  but  four  colleges  are  presided  over  by 
men  of  scientific  training ;  at  Oxford,  not  one.  Of  the 
thirty-five  largest  and  best  known  public  schools  thirty-four  have 
classical  men  as  head  masters.  The  examinations  for  entrance 
into  Oxford  and  Cambridge,  and  for  appointments  into  the 
Civil  Service  and  the  Army,  are  among  the  greatest  determining 
factors  in  settling  the  kind  of  education  given  at  our  public 
schools.  Natural  science  has  been  introduced  as  an  optional 
subject  for  the  Civil  Service  examinations,  but  matters  are 
so  arranged  that  only  one-fourth  of  the  candidates  offer 
themselves  for  examination  in  science.  It  does  not  pay  them 
to  do  so  ;  for  in  Latin  and  Greek  alone  (including  ancient 
history)  they  can  obtain  3,200  marks,  while  for  science  the 
maximum  is  2,400,  and  to  obtain  this  total  a  candidate  must 
take  four  distinct  branches  of  science.  For  entrance  into 
Woolwich,  science  has,  within  the  last  few  years,  been  made 
compulsory,  but  for  Sandhurst  it  still  remains  optional.  This 
College  is  probably  the  only  military  institution  in  Europe  where 
science  is  not  included  in  the  curriculum  "  (A)  (italics  mine).* 

Sir  Harry  Johnson,  the  great  explorer,  points  out  that 
the  Indian  Civil  Service  examination  excludes  Oriental  History, 
Oriental  Zoology,  Oriental  Botany,  Ethnology  and  Hygiene. 
The  curriculum  at  the  Foreign  Office  includes  Ancient  Greek 
and  Latin,  and  Ancient  Greek  History,  but  does  not  include, 
as  essential  or  alternatives,  Russian,  Turkish,  Persian,  Yugo- 
slav and  Modern  Greek.  Arabic,  however,  is  admitted,  but  it 
is  not  Modern  Arabic  but  the  Arabic  of  the  "  Arabian  Nights  "  ! 
Ancient  Greek  receives  1,200  marks,  while  Geography — a 
subject  of  no  importance  to  an  Empire  "  where  the  sun  never 
sets  " — receives  600  marks.  How  much  of  the  Turkish  muddle 
and  the  Balkan  muddle  is  due  to  our  idiotic  and  unscientific 
educational  methods.  Neither  the  late  British  Ambassador 

*  In  the  revised  curriculum  of  Officers  training  for  the  present  War, 
Latin  and  Greek,  though  now  optional,  are  baited  with  2,000  marks  each, 
Geography  receives  600  (Sir  Harry  Johnson,  Nineteenth  Century,  July,  1916). 
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at  Constantinople,  nor  any  of  the  Staff  spoke  the  language 
of  the  Country  except  one  man :— he  was  recalled !  * 

Classics  are  kept  in  the  forefront  by  the  "  dead  hand  "  of 
scholarships  and  foundations.  The  latest  results  of  the 
Cambridge  Big  Group  Scholarships— the  results  which  show 
the  name  of  the  recipient,  the  subject  and  value  of  the  scholar- 
ship— are  as  follows  :—"  48  scholarships  were  given  for  classics 
to  the  annual  value  of  £2,380,  and  39  scholarships  were  given 
for  science  to  the  annual  value  of  £1,930."  If  history  and 
mathematics  are  included,  the  figures  are :  Classics  and  History, 
60  Scholarships ;  Science  and  Mathematics,  62  Scholarships  (C). 
Another  writer  has  analysed  the  apportionment  of  all 
scholarships  and  exhibitions  at  the  Merchant  Taylors'  School, 
which  he  took  as  a  type  of  public  school,  and  he  found  the  (C) 
total  amounts  offered  as  follows  : — 

Classics,  including  Hebrew    £7,072 

Science,  including  Medicine  £1,983 

Other  subjects     £4,973 

"  In  a  recent  year,  according  to  Dr.  Shipley  and  Mr. 
Roberts,  in  one  of  the  greatest  public  schools,  excellently 
equipped  for  scientific  studies,  less  than  2  per  cent,  of  the 
boys  in  the  higher  forms  were  giving  special  attention  to 
scien  ce  "  (C) .  "At  certain  Civil  Service  examinations  j  ust  before 
the  War  began  there  were  206  candidates  for  78  appointments. 
Of  those  who  were  successful  only  4  took  science  subjects 
without  mathematics  or  classics,  and  17  mathematics  and 
science,  45  in  Greek  and  Latin,  and  the  remainder  literary 
subjects,  with  or  without  mathematics"  (B). 

"  In  my  opinion,"  says  Professor  Strong,  Emeritus  Professor 
of  Latin  at  the  Liverpool  University,  "  the  masters  in  our 
Schools  should  insist  that  science  and  modern  languages  should 
be  regarded  as  equally  important  with  classical  teaching,  and 
rewards  for  proficiency  gained  in  their  study  should  be  as  great."f 

*  Sir  Edwin  Pears,  "  Forty  years  in  Constantinople,"   pp.  344.  345 
Herbert  Jenkins  Ltd. 

t  Science  Progress,  April,  1916. 
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In  spite  of  years  of  agitation  on  the  part  of  scientific  men, 
Mr.  Buckmaster,  late  Assistant  Secretary  under  the  Board 
of  Education,  in  an  address  to  the  Educational  Science  Section 
of  the  British  Association,  1914,  states,  "  there  can  be  no 
doubt  that  there  is  less  real  systematic  science  teaching  in  our 
elementary  schools  than  was  the  case  twenty  years  ago  .  .  . 
the  weight  of  official  recognition  has  passed  from  the  scientific 
to  the  literary  side  of  the  secondary  school."  *  (B.) 

Some  of  those  interested  in  the  Liverpool  University 
were  greatly  scandalised  a  few  months  ago  because  the  Court 
finally  decided  to  follow  the  example  of  the  University  of 
London  and  abolish  the  farce  of  compulsory  Latin  for  the 
Matriculation  of  Medical  Students.  The  University  did  quite 
right.  It  is  a  sign  of  the  times.  Soon  the  older  Universities 
of  Oxford  and  Cambridge  will  be  compelled  to  abolish  the 
farce  of  compulsory  Greek.f  It  is  slowly  being  recognised 
that  a  man  can  be  a  gentleman,  who  cannot  write  Latin  verses  j 
or  read  Greek  iambics  ! 

The  present  dominance  of  classics  is  a  comparatively 
recent  growth.  From  the  Renaissance  onward,  "  the  learning 
of  Latin  was  the  whole  aim  and  end  of  education  in  schools  ; 
because  the  language  was  the  living  tongue  of  scholars."  For, 
as  the  late  Mr.  A.  F.  Leach  points  out  in  his  Schools  of 
Mediaeval  England,  "  people  wanted  to  know  Latin,  not  to 
write  Latin  verses  in  imitation  of  Vergil,  but  to  speak  it  or  to 
read  the  latest  work  on  theology  or  tactics  or  geography.  The 

*  A  Special  Committee  will  shortly  be  appointed  by  the  Government 
"To  enquire  into  the  position  of  Natural  Science  in  our  Educational  System, 
especially  in  Universities  and  Secondary  Schools."  (Lord  Oewe,  at  Imperial 
College  of  Science,  June  30.  1916.) 

•f  Though  I  received  a  classical  education  at  school,  I  voted  against 
Compulsory  Greek  at  Cambridge  more  than  twelve  years  ago  in  company 
with  Vice-Chancellor  Dale,  Professor  Sherrington  and  Professor  Davies, 
who  was  at  that  time  our  Professor  of  Greek. 

I  "  I  know  of  boys,  at  schools  of  good  repute,  who  spend  three  mornings 
out  of  the  six  working  days  making  Latin  verses."  (Sir  Harry  Johnson, 
Nineteenth  Century,  July,  1916.) 
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introduction  of  Greek  into  the  curriculum  of  schools  came 
with  the  Renaissance,  but  was  not,  as  is  often  suggested, 
responsible  for  the  birth  of  the  new  learning."  Greek  was 
introduced  into  Winchester  and  Eton,  New  College  and 
Magdalen,  in  the  fifteenth  century,  because  these  schools 
and  colleges  were  the  advanced  institutions  of  the  day,  and 
their  scholars  the  leading  humanists  of  their  age,  were  eager  for 
new  light.  "  Humanism  then  meant  the  substitution  of  the  new 
teaching  for  old,  and  its  followers  aimed  at  moulding  the 
nature  of  man  as  a  citizen,  an  active  member  of  the  State, 
rather  than  at  continuing  the  studies  of  doctrines  relating 
to  the  next  world  upon  which  the  attention  of  educated  mankind 
had  been  concentrated  for  a  thousand  years  "  (B). 

The  modem  side  of  most  schools  is  still  regarded  as  a  place 
fit  only  for  "  rotters  "  and  "  slackers,"  because  the  subjects 
are  not  properly  taught,  and  because  the  masters  too  often 
encourage  the  best  boys  to  study  classics  in  order  to  win 
one  of  the  numerous  classical  scholarships  ;  while  "  stinks  " 
is  good  enough  for  the  worst !  The  Greeks  knew  better  than 
this  2,000  years  ago,  for  the  Ephebi  or  undergraduates  at  the 
Periclean  University  used  to  study  "  Nature  or  Natural  Science 
as  then  understood."  (Dr.  McCann.)  (A.) 

In  my  opinion,  the  study  of  natural  science  is  a  better 
intellectual  training  than  the  study  of  the  dead  languages  and 
mythology  of  extinct  races : — and  it  is  far  more  useful.  An 
average  man  who  wants  to  read  Greek  philosophy  or  Roman 
history,  how,  for  example,  Caesar  invaded  Gaul  and  was 
worried  by  the  Belgi,  can  read  it  in  the  King's  English  with 
far  less  expenditure  of  time,  energy  and  money  than  readin" 
it  in  the  original.  In  order  to  study  Ancient  Jewish  history 
and  philosophy  it  is  not  necessary  to  learn  Hebrew,  the  English 
translation  of  the  Old  Testament  is  good  enough  for  most. 

Some  object  to  a  scientific  education  on  the  ground  it 
encourages  materialism.  "If  we  are  not  clever,"  they  say, 
"  we  are  at  least  good,"  "  the  Germans,  though  scientifically 
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trained,  are  wicked."  They  have,  however,  forgotten  that 
the  German  character  was  not  exactly  lovable,  even  before 
they  became  scientific  ;  they  have  forgotten  1870,  and 
Wellington's  comments  more  than  one  hundred  years  ago. 

A  boy  who  has  a  scientific  education,  learns  that  facts  are 
of  more  importance  than  theories  or  opinions.  He  learns 
to  have  a  "  fluid  "  mind.  He  learns  it  is  better  to  try  and 
see,  than  "wait  and  see."  He  learns  to  "prove  all  things" 
and  "  hold  fast  that  which  is  good."  He  learns  to  shun 
hypocrisy.  He  learns  something  of  the  greatness  of  Truth. 

"  Modern  Science,  as  training  the  mind  to  an  exact  and 
impartial  analysis  of  facts,  is  an  education  specially  fitted 
to  promote  sound  citizenship."  * 

If  the  youthful  mind  wants  romance  and  inspiration 
he  can  find  it  in  the  elements  of  Astronomy,  Physics,  Chemistry, 
Electricity  and  Biology  ;  he  can  find  it  in  the  brilliant  achieve- 
ments of  scientific  research,  and  the  dogged  perseverance  of 
investigators  like  Darwin,  Pasteur  and  Lister.  This  is,  morally, 
better  for  him  than  studying  the  family  life  of  the  gods  and 
goddesses  of  ancient  Greece  and  Rome,  ladies  and  gentlemen 
who  were  often  of  doubtful  antecedents  and  of  dissolute  habits. 

Of  course,  ancient  Latin  and  Greek  are  useful,  and  must 
always  be  studied  by  the  fewj  but  for  the  great  majority 
Natural  Science  and  Modern  not  Dead  languages  must  form  in 
the  future  an  essential  part  of  a  "  liberal  education." 

Life  is  short,  Art  is  long.  The  capacity  of  the  human 
mind  is  limited.  The  intellectual  struggle  for  life  among  nations 
is  becoming  fiercer.  We  must  discard  old  methods.  We  must 
become  more  utilitarian.  We  must  march  with  the  times, 
if  we  wish  our  Empire  to  survive  in  the  "  struggle  for  existence." 

When  peace  is  declared,  "when  the  war-drum  throbs  no 
longer  and  the  battle- flags  are  furled,"  when  this  country  is 
recovering  from  the  loss  it  has  sustained  in  men,  money  and 

*  Karl  Pearson,  "  Grammar  of  Science,"  p.  11.     Walter  Scott. 
C 
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material,  we  shall  have  to  face  problems,  many  of  which,  being 
biological,  should  interest  the  members  of  this  Society.  We 
shall  have,  for  example,  to  consider  the  application  of  biological 
knowledge  to  the  problems  of  Capital  and  Labour.  If 
Trades  Union  leaders  had  the  slightest  conception  of  the 
principles  of  Biology,  of  the  laws  of  Growth  and  Degeneration, 
they  would  not  tolerate  the  infamous  habit  of  discouraging, 
even  penalising,  a  worker  for  doing  his  best  at  his  "job,"  for 
making  the  best  of  his  "talents"  be  they  one  or  ten.*  It  is 
a  habit  which  is  biologically  immoral !  Inexorable  Nature  will 
inevitably  damn  the  nation  which  continues  to  practise  it. 

We  shall  have  to  consider  how  biological  knowledge 
regarding  the  laws  of  heredity  can  best  be  applied  to  discourage 
the  marriage  of  the  unfit,  and  the  elimination  of  the  "  born 
tireds,"  the  insane,  the  habitual  criminals  and  habitual 
drunkards.  We  shall  also  have  to  re-consider  how  biological 
knowledge  regarding  the  influence  of  environment  upon 
physique,  upon  character,  and  upon  intellect  can  best  be  applied 
to  the  education  of  the  Nation's  children. 

We  shall  have  to  bring  scientific  methods,  scientific 
knowledge  and  scientific  research  into  every  department  of 
life. 

"  For  now  the  day  is  unto  them  that  know, 
And  not  henceforth  she  stumbles  on  the  prize  ; 
And  yonder  march  the  nations  full  of  eyes." 

(William  Watson.) 

*  "  Loyal  men  have  been  terrorised  into  restricting  output,  as  in  the  case 
of  an  Enfield  rifleman  who  was  able  to  earn  Is.  6d.  per  hour,  but  AVOS  not 
allowed  to  rise  above  Is.  Another  man  was  fined  by  his  Friendly  Society 
for  working  too  quickly ;  another  was  terrorised  by  the  Arsenal  foreman 
for  doing  "  too  much  "  ;  a  whole  shop  was  set  on  to  mock  a  clever  fellow 
making  4-5  guns  in  the  Coventry  Ordnance  Works  because  he  finished  a 
job  in  8J  hours  that  ought  to  have  taken  31i  hours.  Belgian  workmen  in 
England  have  been  warned  against  breaking  Trades  Union  customs  by 
working  too  hard."  (Leading  Article,  Liverpool  Daily  Post,  Lloyd  George  s 
Bristol  Speech,  September  10,  1915.) 

In  spite  of  the  Munitions  Act,  Sir  William  Beardmore,  at  the  Annual 
Meeting  of  Iron  and  Steel  Institute,  made  the  following  statement  : — 
"  The  production  of  shells  at  Park  Head  Forge  Projectile  Factory  by  girls 
was  in  all  cases  more  than  double  that  of  thoroughly-trained  mechanics — 
members  of  the  Trades  Unions — working  the  same  machines  under  the 
same  conditions."  (Times,  May  5,  1916.) 
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THE 

MARINE    BIOLOGICAL    STATION    AT    PORT    ERIN 

BEING   THE 

TWENTY-NINTH  ANNUAL  REPORT 

OF  THE 

LIVERPOOL  MARINE  BIOLOGY  COMMITTEE. 

The  prolongation  of  the  European  War  renders  the  words 
with  which  I  began  the  last  Report  still  appropriate  :  "  In 
this  very  exceptional  year,  when  many  concerns  not  directly 
connected  with  the  necessities  of  existence  or  the  conduct 
of  a  great  war  must  suffer  more  or  less,  it  is  not  surprising 
to  find  that  we  have  a  less  successful  year  than  usual  to  record 
at  our  Biological  Station.  The  thoughts  and  energies  of 
most  of  us  have  been  diverted  to  other  channels  ;  and  although 
it  is  right  that  in  the  interests  of  others  we  should  endeavour 
to  keep  all  our  affairs,  so  far  as  may  be  possible,  running 
normally,  still  until  more  important  and  pressing  matters 
are  settled  it  is  well  that  no  unnecessary  time,  labour  and 
expense  should  be  devoted  to  what  is  not  essential  at  the 
moment.  Consequently  the  Committee  and  our  other 
supporters  and  readers  will,  I  am  sure,  understand  and  approve 
if  the  Report  this  year  takes  a  shorter  form  than  usual,  and 
deals  with  little  beyond  the  record  of  routine  work  carried 
out  at  the  Port  Erin  Biological  Station  and  elsewhere  in  the 
L.M.B.C.  District." 

The  "Station  Record"  and  the  "Curator's  Report" 
which  follow  show  that  during  the  Easter  vacation  and  the 
Spring  months,  when  both  students  and  senior  workers  frequent 
our  marine  laboratory  more  than  at  any  other  time  of  the  year, 
the  numbers  were  greatly  reduced.  Last  year  we  recorded 
ninety  researchers  and  students  occupying  work-places  in  the 
laboratory;  this  year  we  had  only  fifteen.  The  effect  of 
the  war  upon  the  number  of  visitors  to  the  Aquarium  was 
most  striking.  Port  Erin  was,  comparatively  speaking, 
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deserted  during  the  Summer,  and  our  total  number  of  visitors 
for  the  year  is  now  a  little  over  1,500,  in  place  of  the  15,000 
we  had  in  a  recent  season.  The  number  of  "  Guides  "  to 
the  Aquarium  sold  to  visitors  is  only  88,  compared  with 
about  1,000  in  a  normal  year. 

It  may  be  useful  to  students  and  others  proposing  to  work 
at  Port  Erin  that  the  ground  plan  of  the  buildings  showing 
the  laboratory  and  other  accommodation  should  be  inserted 
here  (see  fig.  1,  p.  41). 

In  regard  to  the  educational  work  in  the  laboratories, 
the  usual  Easter  vacation  course  in  Marine  Biology  was  carried 
on  during  April  with  greatly  reduced  numbers.  Although 
no  members  of  the  staffs  of  the  Zoology  and  Botany  depart- 
ments of  the  University  of  Liverpool  were  able,  for  various 
reasons,  to  visit  Port  Erin  this  year,  a  group  of  nine  senior 
students  of  the  University  worked  with  great  enthusiasm 
for  about  three  weeks.  The  only  other  Universities  represented 
were  Cambridge  (including  Newnham),  and  the  University 
of  Manchester. 

Work  out  at  sea  was  wholly  prevented,  by  Admiralty 
regulations,  but  collecting  expeditions  as  usual,  along  the 
shore  at  low  tide,  were  arranged  in  the  Easter  vacation.  During 
the  remainder  of  the  year  the  Curator  and  his  staff  made 
periodic  collections  from  time  to  time  as  occasion  offered, 
and  plankton  samples  were  taken  across  Port  Erin  Bay  with 
regularity  twice  in  each  week  throughout  the  year. 

As  on  previous  occasions,  the  statistics  as  to  the  occupation 
of  the  "  Tables  "  during  the  year  will  first  be  given,  then 
will  follow  the  "  Curator's  Report,"  and  after  that,  as  this 
year  is  the  one-hundredth  anniversary  of  the  birth  of  Professor 
Edward  Forbes,  I  have  considered  it  appropriate  to  give  a 
brief  account  of  the  work  of  that  celebrated  Manxman  (see 
p.  53)  for  the  information  of  our  students  and  other  workers 
at  the  laboratory. 
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THE  STATION  RECORD. 

Only  fifteen  workers  occupied  our  laboratories  during 
the  past  year.  This  number  presents  a  remarkable  contrast 
to  those  recorded  in  the  Annual  Reports  of  the  past  few  years  ; 
and  it  is  necessary  to  refer  back  to  the  Fourteenth  Annual 
Report  (for  the  year  1899)  to  find  a  record  of  so  small  an 
attendance  of  workers.  But  though  the  number  of  students 
was  small,  and  the  facilities  for  the  collection  of  material 
were  somewhat  curtailed  by  the  prevailing  war  conditions, 
it  is  gratifying  to  record  that  there  was  no  lack  of  the  enthusiasm 
which  has  always  prevailed  amongst  our  workers,  especially 
during  the  Easter  vacation  ;  and,  apart  from  the  shrinkage 
in  numbers,  and  having  regard  to  the  unusual  conditions 
which  the  war  has  imposed,  the  work  of  the  year  may  be 
justly  regarded  with  satisfaction. 

List  of  Workers. 

Dec.  28th,  1914,  to  Jan.  llth,  1915.     Professor  Herdman.— Official. 
March  2Qth  to  April  9th.  Miss  R.  Holden.— Marine  Algae. 

»  Miss  M.  Jepps. — General. 

April  6th  to  20th.  Miss  L.  Davies.— General. 

»t  Miss  G.  Andrew. — General. 

April  6th  to  26th.  Miss  C.  Whittaker.— General. 

Miss  M.  Tesh. — General. 

Miss  N.  Lodge. — General. 

Miss  J.  Price. — General. 

Miss  J.  Curwen. — General. 

Miss  J.  Lord. — General. 

Miss  E.  Catlow. — General. 
July  30th  to  Aiig.  Uth.  Miss  R.  C.  Bamber.— Tubularia 

Aug.  23rd  to  Sept.  2nd.  Mr.  G.  M.  Graham.— General. 

Aug.  24th  to  Sept.  2nd.  Mr.  A.  E.  Kidd.— Collecting. 

The   "Tables"*   in   the   Laboratory   were   occupied   as 
follows : — 

JlSr  °n the  n7;.e8e.arch  wing  has  been  added  several  distinct  apartments 
'  °f  the  -- tigator?  assigned 


MARINE   BIOLOGICAL  STATION  AT  PORT  ERIN.  43 

Liverpool  University  Table  : — 

Professor  Herdman.  Miss  M.  Tesh.  Miss  J.  Lord. 

Miss  L.  Davies.  Miss  N.  Lodge.  Miss  E.  Catlow. 

Miss  G.  Andrew.  Miss  J.  Price.  Mr.  A.  E.  Kidd. 

Miss  C.  Whittaker.  Miss  J.  Curwen.  Miss  R.  C.  Bamber. 

Liverpool  Marine  Biology  Committee  Tables  : — 
Miss  R.  Holden.  Miss  M.  Jeppa. 

Manchester  University  Table  : — 
Mr.  G.  M.  Graham. 

The  other  Tables  remained  unoccupied. 


CURATOR'S  REPORT. 

Mr.  Chadwick  reports  to  me  as  follows  on  the  various 
departments  of  the  work  : — 

The  Fish  Hatchery. 

"  Plaice  hatching  operations  were  begun  nearly  three 
weeks  later  this  year  than  last.  The  stock  of  spawners 
consisted  of  70  fish  of  the  previous  year's  stock,  and  79  which 
were  collected  by  the  Assistant  Curator  during  two  trips 
in  the  steam-trawler  '  Lady  Loch,'  in  October,  1914.  To  these 
were  added  two  plaice  from  one  of  the  Aquarium  tanks,  making 
a  total  of  151  fish.  The  first  batch  of  fertilised  eggs,  numbering 
12,600,  were  placed  in  the  hatching  boxes  on  February  24th, 
but  it  was  not  until  March  9th  that  more  than  100,000  eggs 
were  collected  in  one  day  ;  and  the  daily  numbers  continued 
to  be  comparatively  small  until  March  17th,  when  there 
was  a  marked  rise.  Thereafter,  considering  the  comparatively 
small  number  of  spawners,  the  collections  maintained  a  good 
standard,  exceeding  400,000  eggs  on  two  occasions,  and  half 
a  million  on  one.  On  April  30th  the  number  of  eggs  collected 
again  fell  below  100,000,  and  the  spawning  season  closed  on 
May  5th  with  a  total  of  6,664,250  eggs. 

"  The    Hatchery    Record,    giving    the    number    of    eggs 
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collected,  and  of  larval  fish  set  free  on  the  various  days,  is  as 
follows : — 


Eggs  collected.                    Date.                        Larvae  set  free.            Dat.e'-_ 

37,800 

...  Feb.     24  to  March  2 

24,150 

...  March  22 

79,800 

...  March    5 

65,100 

„      25 

279,300 

„        8  to  10 

249,480 

„      29 

350,700 

...       „      11  to  13 

298,200 

...  April      1 

854,600 

.       „      15  to  20 

672,000 

...       „        9 

870,450 

...      „      22  to  24 

647,850 

...       „      12 

245,700 

...       „      26  and  27 

354,900 

„      14 

577,500 

...       „      29  and  30 

381,100 

„      16 

980,700 

„      31  to  April  3 

832,650 

...       ,,      21 

231,000 

...  April     5  and  7 

359,950 

„      22 

472,500 

...     „    10 

371,650 

„      26 

336,000 

...       „      12  and  13 

286,650 

...       „      29 

273,000 

...       „      14 

211,050 

...       „      30 

417,900 

...      „      17  and  19 

362,250 

...  May       1 

514,500 

...      „      21  and  23 

227,850 

...       „        6 

142,800 

„      26  and  30 

280,350 

...       „      10 

6,664,250  Total  eggs. 


5,625,180  Total  larvae. 


"  In  one  of  the  Aquarium  tanks  we  now  have  on  view 
about  a  score  of  plaice  hatched  during  the  season  of  1913 
and  since  reared  in  one  of  the  spawning  ponds.  The  largest 
are  8  inches  long.  Probably  half  the  number  have  more 
or  less  pigmentation  on  the  normally  unpigmented  or  '  eyeless  ' 
side.  In  one  case  the  pigmentation  covers  the  whole  of  the 
'  eyeless  '  side  except  the  head.  In  several  others  rather  more 
than  the  posterior  half  of  the  '  eyeless  '  side  is  uniformly 
pigmented,  and  in  others  the  pigmentation  occurs  in  groups 
of  spots.  In  most  cases  the  pigmentation  is  of  exactly  the 
same  depth  as  that  of  the  '  ocular '  side,  but  in  one  of  the 
largest  fish  it  is  distinctly  paler.  We  have  always  noticed 
the  prevalence  of  pigment  on  the  '  eyeless  '  side  of  young 
plaice  reared  in  our  ponds,  and  it  is  evident  that  factors  other 
than  light  contribute  to  its  formation. 
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Lobster  Culture. 

"  When,  at  the  close  of  the  plaice  hatching  season,  the 
spawning  ponds  were  drained  and  cleaned,  a  total  number 
of  46  lobsters,  all  purchased  during  the  season  of  1914,  were 
found  therein.  Twenty-six  of  them  were  in  the  lobster  pond, 
the  remaining  20  having  escaped  thence  into  the  larger  plaice 
pond  during  the  plaice  hatching  season.  Of  the  26  found 
in  the  lobster  pond  3  were  males  and  23  females.  Eight 
of  the  latter  bore  eggs  in  an  unripe  and  faulty  condition  ;  13 
had  borne  eggs  but  were  practically  stripped,  and  the  remaining 
2  showed  no  trace  of  eggs.  The  8  which  bore  eggs  were  returned 
to  the  lobster  pond  ;  and  to  them  were  added  on  various 
dates  from  June  19th  to  August  5th  thirteen  berried  lobsters 
bearing  nearly  ripe  eggs,  all  purchased  from  local  fishermen, 
making  a  total  of  21.  Larvae  appeared  in  small  numbers 
in  the  pond  early  in  June,  and  the  first  lobsterlings  were 
set  free  on  June  24th,  a  date  earlier  than  in  any  previous 
year.  The  total  number  of  larvae  taken  from  the  pond  during 
the  season  was  17,490.  Of  these,  9,800  were  set  free  in  the 
first  stage.  The  Assistant  Curator  undertook  the  larger 
share  of  the  work  of  rearing  the  larvae  which  were  placed 
in  the  hatching  boxes  for  that  purpose;  and  of  4,235  larvae 
of  which  he  had  charge,  193  reached  the  lobsterling  stage. 
The  Curator  took  charge  of  3,455  larvae  and  reared  37  lobster- 
lings.  Mr.  Cregeen  fed  his  larvae  upon  minced  liver  of  the 
edible  and  shore  crabs,  supplemented  almost  daily  with  living 
plankton  taken  with  a  coarse  tow-net.  The  Curator  fed 
his  larvae  upon  the  finely-minced  posterior  adductor  muscle 
of  the  edible  mussel  (Mytilus  edulis),  of  which  they  partook 
freely,  but  which,  judging  from  the  smaller  percentage  of 
larvae  reared,  is  probably  less  nutritious  than  plankton. 
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The  Aquarium. 

"  The  number  of  visitors  to  the  Aquarium— 1,531 — is  by 
far  the  smallest  yet  recorded  ;  but,  according  to  the  passenger 
traffic  returns  of  the  Isle  of  Man  Steam  Packet  Co.,  it  represents 
10  per  cent,  of  the  total  number  of  visitors  carried  to  the  Island 
during  the  past  season.  The  loss  by  resignation  of  the  junior 
assistant  early  in  the  season,  and  the  large  demands  made 
by  the  lobster  culture  and  trammel-net  fishing  upon  the 
time  of  the  Staff,  made  the  care  of  the  tanks  a  more  than 
ordinarily  difficult  matter  ;  but  everything  possible  was  done 
to  maintain  them  in  an  attractive  condition,  and  the  visitors, 
few  in  numbers,  were  as  appreciative  as  ever. 


General. 

"  The  Curator's  hope  of  being  at  liberty  to  devote  more 
of  his  time  to  outdoor  faunistic  work  and  the  care  and  improve- 
ment of  the  museum  collection  has  not  been  realised.  The 
discovery  of  Rhizogeton  fusiformis,  Agassiz,  an  interesting 
addition  to  the  Hydroid  fauna  of  the  Isle  of  Man,  was  a  result 
of  one  of  his  infrequent  visits  to  the  shore  at  Port  St.  Mary  ; 
and  it  shows  once  more  that  much  remains  to  be  done  to 
make  our  knowledge  of  the  local  marine  fauna  complete. 

"  On  August  12th  a  male  porpoise  was  captured  in  our 
trammel-net  and  was  brought  ashore  by  Mr.  Cregeen.  Its 
measurements  were — length,  4  feet  10  inches  ;  girth  just 
behind  the  flippers,  3  feet  4  inches. 

"  The  official  plankton  gatherings  have  been  taken  twice 
weekly,  with  almost  unfailing  regularity,  by  the  Assistant 
Curator." 

(Signed)    H.  C.  CHADWICK. 
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REPORT  OF  THE  EDWARD  FORBES  EXHIBITIONER. 

An  "  Edward  Forbes  Exhibition "  has  been  founded* 
this  year,  at  the  University  of  Liverpool,  in  commemoration 
of  the  pioneer  marine  biological  work  done  in  this  district 
by  the  celebrated  Manx  Naturalist,  who  was  born  just  a 
hundred  years  ago.  The  object  of  the  Exhibition  is  to  enable 
some  post-graduate  student  of  the  University  to  proceed 
to  the  Port  Erin  Biological  Station  for  the  purpose  of  carrying 
on  some  piece  of  biological  research,  more  or  less  in  continuation 
of  some  line  of  work  opened  up  by  Forbes,  or  an  investigation 
which  has  grown  out  of  such  work. 

The  first  Edward  Forbes  Exhibitioner,  elected  for  the 
year  1915,  is  RUTH  CULSHAW  BAMBER,  M.Sc.,  who  spent 
a  couple  of  weeks  at  Port  Erin  in  the  summer  working 
at  the  structure  and  life-history  of  the  large  Hydroid  Zoophyte, 
Tubularia  indivisa,  with  the  view  of  eventually  preparing  an 
L.M.B.C.  Memoir  on  the  subject.  Miss  Bamber  reports  as 
follows  on  her  work  at  Port  Erin  : — 

"  I  went  to  Port  Erin  on  July  29th,  and  returned  to 
Liverpool  on  August  14th.  During  my  stay  I  spent  most 
of  the  time  in  examining  living  specimens  of  Tubularia,  and 
in  fixing  and  preserving  material  to  bring  back  to  Liverpool 
for  sectioning  during  the  winter. 

"  Only  two  species  of  Tubularia  were  found  : — T.  indivisa, 
which  grows  in  abundance  around  the  '  Sugar  Loaf  Rock,' 
near  Port  St.  Mary,  and  T.  larynx,  which  grows  in  a  small 
colony  on  the  Sker  Rock,  off  Bradda  Head  at  Port  Erin. 
All  the  specimens  of  T.  indivisa  were  found  to  be  in  a  newly 
decapitated  condition,  there  being  no  mature  hydranths  in 
any  of  the  colonies  examined  ;  but  there  was  every  possible 
stage  in  the  regeneration  of  the  hydranth.  The  colonies  of 

*  The    Regulations   in   regard   to   the    Exhibition    will   be   found   in 
Appendix  B  at  the  end  of  this  Report. 
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T.  larynx  on  the  other  hand  had  fully  mature  hydranths, 
evidently  shedding  their  larvae  ;  for  I  found  many  newly  fixed 
actinulae,  and  many  well  developed  larvae  still  in  the  gono- 
phores  ;  but  I  was  unable  to  find  any  free  larvae  in  the  plankton 
of  the  bay.  This  was  probably  due  to  the  fact  that  there  are 
very  strong  currents  around  the  Sker  Rock*  which  would 
carry  the  larvae  rapidly  away. 

"  Tubularia  can  be  obtained  only  at  very  low  tides,  and 
lives  only  for  a  few  days  in  the  tanks  at  the  Biological  Station ; 
so  for  nearly  a  week  in  the  middle  of  my  visit  I  had  no  living 
material.  During  this  time  I  examined  in  the  laboratory 
about  half  a  dozen  different  series  of  sections  through  Tubularia, 
belonging  to  Mr.  Chad  wick  at  the  Biological  Station,  and 
found  many  interesting  problems  which  I  shall  attempt  to 
solve  during  this  winter  with  the  aid  of  some  long  series  of 
sections  of  my  own  which  are  now  being  made! 

"I  gladly  acknowledge  the  help  afforded  me  by  the 
Biological  Station,  both  in  connection  with  the  collection  of  the 
necessary  material,  and  also  in  the  subsequent  work  upon  it. 
I  hope  to  complete  the  investigation  in  the  University 
Laboratory  of  Zoology,  at  Liverpool." 

(Signed)  RUTH  C.  BAMBER. 


L.M.B.C.  MEMOIRS. 

Since  our  last  report  was  published,  Memoir  XXIII., 
on  the  Oligochaet  worm  TUBIFEX,  by  Dr.  Gertrude  Dixon, 
has  been  issued  to  the  public.  Miss  E.  L.  Gleave,  M.Sc.,  has 
nearly  completed  her  Memoir  on  DORIS,  the  Sea-lemon; 
Mr.  Burfield,  who  was  writing  the  Memoir  on  SAGITTA,  has 
joined  the  Army  ;  and  still  other  Memoirs  are  in  preparation. 

*  See  Fig.  2,  on  page  52. 
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The  following  shows  a  list  of  the  Memoirs  already  published 
or  arranged  for  : 

I.  ASCIDIA,  W.  A.  Herdman,  60  pp.,  5  Pis. 
II.  CARDIUM,  J.  Johnstone,  92  pp.,  7  Pis. 

III.  ECHINUS,  H.  C.  Chadwick,  36  pp.,  5  Pis. 

IV.  CODIUM,  R.  J.  H.  Gibson  and  H.  Auld,  3  Pis. 
V.  ALCYONIUM,  S.  J.  Hickson,  30  pp.,  3  Pis. 

VI.  LEPEOPHTHEIRUS  AND  LERN^A,  A.  Scott,  5  Pis. 
VII.  LINEUS,  R.  C.  Punnett,  40  pp.,  4  Pis. 
VIII.  PLAICE,  F.  J.  Cole  and  J.  Johnstone,  11  Pis. 
IX.  CHONDRUS,  0.  V.  Darbishire,  50  pp.,  7  Pis. 
X.  PATELLA,  J.  R.  A.  Davis  and  H.  J.  Fleure,  4  Pis. 
XI.  ARENICOLA,  J.  H.  Ashworth,  126  pp.,  8  Pis. 
XII.  GAMMARUS,  M.  Cussans,  55  pp.,  4  Pis. 

XIII.  ANURIDA,  A.  D.  Imms,  107  pp.,  8  Pis. 

XIV.  LIGIA,  C.  G.  Hewitt,  45  pp.,  4  Pis. 

XV.  ANTEDON,  H.  C.  Chadwick,  55  pp.,  7  Pis. 
XVI.  CANCER,  J.  Pearson,  217  pp.,  13  Pis. 
XVII.  PECTEN,  W.  J.  Dakin,  144  pp.,  9  Pis. 
XVIII.  ELEDONE,  A.  Isgrove,  113  pp.,  10  Pis. 
XIX.  POLYCHAET  LARV^,  F.  H.  Gravely,  87  pp.,  4  Pis. 
XX.  BUCCINUM,  W.  J.  Dakin,  123  pp.,  8  Pis. 
XXI.  EUPAGURUS,  H.  G.  Jackson,  88  pp.,  6  Pis. 
XXII.  ECHINODERM  LARV^,  H.  C.  Chadwick,  40  pp.,  9  Pis. 
XXIII.  TUBIFEX,  G.  C.  Dixon,  100  pp.,  7  Pis. 
DORIS,  E.  L.  Gleave. 
TUBULARIA,  R.  C.  Bamber. 
APLYSIA,  N.  B.  Bales. 
HIMANTHALIA,  H.  S.  Holden. 
SAGITTA,  S.  T.  Burfield. 
ACTINIA,  J.  A.  Clubb. 
ZOSTERA,  R.  Robbins. 
HALICHONDRIA  AND  SYCON,  A.  Dendy. 


50  TRANSACTIONS   LIVERPOOL   BIOLOGICAL   SOCIETY. 

OYSTER,  W.  A.  Herdman  and  J.  T.  Jenkins. 
SABELLARIA,  A.  T.  Watson. 
OSTRACOD  (CYTHERE),  A.  Scott. 
ASTERIAS,  H.  C.  Chadwick. 
PYCNOGONUM,  J.  E.  Hamilton. 
BOTRYLLOIDES,  W.  A.  Herdman. 

In  addition  to  these,  it  is  hoped  that  other  Memoirs  will 
be  arranged  for,  on  suitable  types,  such  as  Pontobdella,  a 
Cestode,  a  Nematode,  and  a  Cirripede. 

As  the  result  of  a  slight  fire  in  the  Zoology  Department 
of  the  University,  a  portion  of  the  stock  of  L.M.B.C.  Memoirs 
has  been  partially  destroyed.  There  are  a  certain  number 
of  damaged  copies  of  some  of  the  Memoirs  which  are  stained 
or  singed  externally,  but  are  still  quite  usable,  and  are  suitable 
for  laboratory  work.  The  Committee  has  decided  to  offer 
these  at  prices  ranging  according  to  the  condition  from  one- 
half  to  one-fourth  of  the  published  prices,  as  follows : — 
Memoir  I.,  Ascidia,  6d.  to  9d.  ;  VI.,  L'epeophtheirus  and 
Lernaea,  6d.  to  Is. ;  VII.,  Lineus,  6d.  to  Is. ;  XIII.,  Anurida, 
Is.  to  2s. ;  XIV.,  Ligia,  6d.  to  Is. ;  XV.,  Antedon,  6d.  to  Is.  3d. 

Orders  for  these  damaged  copies  should  be  sent  to  Professor 
Herdman,  the  University,  Liverpool.  New  copies  of  any  of 
the  Memoirs  should  be  ordered  from  Williams  &  Norgate. 

The  diagram  of  sea  and  air  temperatures  for  1915,  compiled 
by  Mr.  Chadwick  from  his  daily  records,  is  not  yet  completed  ; 
but  those  for  the  two  preceding  years,  1913  and  1914,  are 
inserted  here  to  show  the  general  similarity  of  the  two  curves 
along  with  a  few  points  of  divergence,  and  to  demonstrate  again 
the  manner  in  which  the  temperature  of  the  sea  lags  behind 
that  of  the  air  in  both  winter  and  summer.  The  annexed 
charts  show  clearly  the  points  of  agreement  and  of  difference 
between  the  two  years. 
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Appended  to  this  Report  are  : — 

(A)  An  Address  on  the  Life  and  Work  of  Edward  Forbes, 

delivered  to  the  Biological  Society,  by  Prof.  Herdman, 
on  November  12th,  1915  ; 

(B)  The  usual  Statement  as  to  the  constitution  of  the  L.M.B.C., 

and  the  Laboratory  Regulations — with  Memoranda 
for  the  use  of  students,  and  the  Regulations  in  regard 
to  the  "  Edward  Forbes  Exhibiton  "  at  The  University 
of  Liverpool ; 

(C)  The  Hon.  Treasurer's  Report,  List  of  Subscribers,  and 

Balance  Sheet  for  the  year. 


FIG.  2.    The  Sker  Bock  at  the  mouth  of  Port  Erin  Bay. 
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APPENDIX  A. 


GIVEN   TO   THE    LIVERPOOL    BIOLOGICAL   SOCIETY 

By  W.  A.  HERDMAN. 

During  the  past  year  enthusiastic  meetings  have  been 
held  at  Douglas,  and  by  Manx  Societies  in  London*  and 
elsewhere  to  celebrate  the  Centenary  of  the  birth  of  Edward 
Forbes,  the  distinguished  .Manx  Naturalist,  who  was  a  notable 
figure  in  British  Science  during  the  second  quarter  of  the 
nineteenth  century.  Both  from  local  associations,  and  from 
the  fact  that  his  investigations  may  fairly  be  regarded  as  pioneer 
work  leading  up  to  the  Marine  Biology  and  Oceanography 
of  the  present  day,  it  seems  appropriate  that  a  short  account 
of  the  life  and  work  of  Forbes  should  appear  in  this  report-for- 
the-year  of  the  only  marine  biological  institution  in  the 
land  of  his  birth. 

A  century  ago,  in  1815,  the  Napoleonic  wars  were  just 
ending.  In  the  earlier  part  of  the  year  when  Edward  Forbes 
was  born,  Waterloo  had  not  yet  been  fought.  Napoleon 
was  still  at  large,  and  the  state  of  public  affairs  was,  in  some 
respects,  not  unlike  what  we  are  passing  through  at  present. 
Europe  was  then  also  an  armed  camp,  most  of  the  great 
nations  were  at  war,  and  then,  as  now,  this  country  was 
fighting,  along  with  allies,  against  the  greatest  military  power 
of  the  time — fighting  for  the  cause  of  humanity  and  freedom 
against  the  tyranny  of  a  military  autocracy. 

Before  the  time  of  the  Crimean  War  and  the  Indian 
Mutiny,  Forbes  was  dead ;  so  his  brief  life  was  lived  in  a  time 

*  For  some  of  the  statements  in  the  following  pages  I  am  indebted 
to  speeches  made  on  these  occasions,  and  more  especially  to  the  excellent 
"  Memoir  of  Edward  Forbes,"  published  in  1861,  by  Professors  George  Wilson 
and  Archibald  Geikie. 
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of  peace,  when  notable  advances  were  made  in  the  Arts  and 
Sciences,  and  in  their  application  to  University  Education, 
in  all  of  which  he  played  a  prominent  part. 

Edward  Forbes  was  born  on  the  12th  of  February,  1815, 
at  Douglas,  where  his  father  was  a  banker.  Though  settled 
in  the  Isle  of  Man  for  several  generations,  the  Forbes  family 
was  of  Scottish  descent,  the  great  grandfather,  who  was  involved 
in  the  Jacobite  rising  of  1745,  having  fled  to  the  Island  for 
refuge.  The  mother  of  Edward  Forbes  was  Jane  Teare, 
heiress  of  the  estates  of  Corvalla  and  Ballabeg  at  Ballaugh, 
where  her  ancestors  had  lived  for  centuries,  combining,  no 
doubt,  in  their  blood  both  the  Scandinavian  and  the  Celtic 
elements  which  are  found  in  the  Manx  people.  As  his  paternal 
grandmother  again  was  English,  our  Naturalist,  though  born 
and  bred  a  Manxman,  was  of  mixed  blood,  and  may  have 
inherited  qualities  from  all  that  is  best  in  our  complex  British 
nation. 

As  seems  frequently  to  be  the  case  with  Naturalists, 
it  was  from  his  mother  that  Forbes  derived  his  love  of  nature, 
and  more  particularly  his  early  taste  for  botany.  It  was 
certainly  inborn  in  him,  as  we  hear  that  at  the  early  age  of  seven 
he  had  already  collected  and  arranged  a  museum  of  natural 
objects,  and  had  appointed  a  younger  sister  as  Assistant 
Curator.  He  was  a  delicate  boy,  unable  to  go  to  school  till 
the  age  of  twelve,  and  it  was,  no  doubt,  to  encourage  these 
self-taught  home  studies  that  his  father  built  an  addition 
to  their  house  to  contain  the  boy's  museum,  and  it  was  there 
that  in  his  early  youth  Forbes  started  those  collections  which, 
in  later  life,  formed  the  basis  of  his  celebrated  books  on  British 
Echinoderms  and  British  Mollusca. 

Home  education  in  the  case  of  a  clever  child  probably 
always  favours  precocity,  introspection  and  over-ambitious 
attempts.  Still,  he  must  have  been  a  remarkable  boy  to  have 
produced  in  his  twelfth  year  "  A  Manual  of  British  Natural 
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History  in  all  its  departments."  He  was,  we  are  told,  a  gentle 
and  sweet-tempered  child,  and  probably  his  keenest  interests 
were  in  the  living  things  and  wild  nature  around  him.  He 
must  have  been  very  unlike  most  boys  of  his  age,  and  so  was 
liable  to  be  misunderstood  and  unappreciated.  It  is  recorded 
that  his  grandmother  Teare,  seeing  him  grubbing  for  snails 
in  a  hedge,  said  (in  Manx)  : — "  Ta  mee  credjal  naugh  vod 
slane  Elian  Vannin  sauail  yn  guilley  shoh  veich  cheet  dy  ve 
ommydan  "  ( —  I  believe  the  whole  Isle  of  Man  cannot  save 
this  boy  from  being  a  fool). 

He  was  at  school  for  a  few  years  at  Douglas  where  he 
is  described  as  never  having  his  pencil  out  of  his  hand,  and 
as  covering  his  books  and  exercises  and  the  margins  of  his 
Latin  verses  with  sketches  of  animals  and  caricatures  and  fancy 
pictures  of  all  kinds. 

Then  he  left  home  for  good  at  the  age  of  seventeen.  His 
mother  had  hoped  he  would  enter  the  Church,  his  father 
wished  him  to  be  a  doctor.  As  a  compromise  he  went  to 
London  to  study  Art !  Although  exceedingly  clever  with 
his  pencil,  as  the  illustrations  in  many  of  his  books  abundantly 
testify,  four  months  in  London  convinced  him  that  he  could 
never  be  a  professional  artist,  and  he  then  decided  to  fall 
in  with  his  father's  wishes  and  study  medicine  in  Edinburgh. 
It  is  of  interest  to  note  that  at  that  time  (1831)  it  took  three 
days  to  travel  from  London  to  the  Isle  of  Man  and  another 
three  from  there  to  Edinburgh. 

We  hear  most  about  two  of  the  professors  during  his 
earliest  years  at  Edinburgh — Graham  and  Jameson  Graham 
was  Professor  of  Botany,  and  it  is  said  to  have  been  a  matter 
of  dispute  amongst  his  students  whether  it  was  six  or  seven 
diagrams  that  illustrated  his  course  of  lectures.  The  microscope 
was  unknown,  and  the  only  practical  work  consisted  in  collecting 
flowers  and  pulling  them  apart  with  the  ringers.  Jameson, 
who  united  Geology  and  Zoology,  was  a  celebrated  man, 
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a  noted  Mineralogist,  and  the  founder  of  the  Natural  History 
part  of  the  well-known  Museum  at  Edinburgh. 

It  is  evident  that  what  Forbes  appreciated  most  was 
the  collecting  excursions  into  the  country  around  Edinburgh, 
and  even  further  afield  to  the  Northern  Highlands  or  to  the 
Western  Islands,  which  some  of  the  Professors  organised  from 
time  to  time.  That  was  really  the  practical  work  in  Natural 
Science  of  those  days.  It  is  curious  to  recall  nowadays,  when 
we  use  the  microscope  so  constantly,  that  the  study  of  histology 
and  microscopic  structure  in  general  was  only  introduced 
into  medical  studies,  in  1841,  by  Professor  Hughes  Bennett, 
who  had  been  a  fellow  student  of  Edward  Forbes.  Forbes 
was,  at  Edinburgh,  the  centre  of  a  group  of  brilliant  young  men, 
some  half  dozen  of  whom,  after  being  fellow  students,  later 
on  became  fellow  Professors  in  the  same  University.  Among 
these  we  may  note  John  Goodsir,  the  great  Anatomist ; 
Balfour,  the  Professor  of  Botany ;  George  Wilson,  the 
biographer  of  Forbes  ;  and  Sir  Eobert  Christison. 

Goodsir  was  Forbes'  first  and  probably  his  best  friend. 

We  are  told  that  when  he  first  called  at  his  lodging  he  found 

the  future  malacologist  boiling  in  his  kettle  a  rare  mollusc, 

Clausilia  nigricans,  he  had  found  on  Arthur's  Seat,  in  order 

to  get  the  animal  from  the  shell — and  Goodsir  thereupon 

gave  him  a  first  lesson  in  dissecting  a  mollusc.       We  get 

curious  glimpses  of  student  life  in  Forbes'  accounts — which 

are  characteristically  added  up  incorrectly — such  as,  "  Leg, 

£2  ;  Church,  6d.  ;  Insects,  2/-."     The  "  Leg  "  was,  of  course, 

his  "  part "  in  the  dissecting  room.     We  are  told  he  was  one 

of  the  idlest  students  of  medicine  Edinburgh  ever  saw — which 

is  surely  a  strong  statement — and  yet  we  may  be  sure  he  was 

always  fully  employed  in  some  interesting  study,  literary, 

artistic  or  scientific.     The  point  is  that  he  was  not  doing 

what  he  was  intended  to  do,  and  in  that  sense  his  time  was 

wasted.    He  began  each  lecture  with  serious  notes,  which 
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very  soon  degenerated  into  caricatures  of  the  lecturer  and 
fancy  sketches  of  nymphs  and  gnomes. 

His  friend,  Hughes  Bennett,  who  undertook  to  coach 
him  in  anatomy,  tells  of  the  many  dismal  evenings  of  yawning 
over  the  bones,  and  of  how  Forbes  would  arrange  that  jovial 
friends  should  come  in  and  interrupt — when  the  textbooks 
and  bones  would  be  thrown  aside  and  the  rest  of  the  evening 
devoted  to  gaiety  and  philosophical  discussions.  After  which 
it  need  not  surprise  us  that  when  summoned  to  appear  for 
examination  on  a  certain  afternoon,  he  at  the  appointed 
time  was  non  inventus. 

Of  course,  these  young  men  ran  a  journal,  and,  of  course, 
they  formed  a  select  students'  club,  the  Brotherhood  of 
the  Magi,  the  symbol  of  which  was  a  silver  triangle  on  which  was 
engraved  OINO2,  EPfl2,  MAOH2I2— wine,  love,  learning. 
Their  wine  was  not,  I  think,  excessive ;  the  love  was  brotherly 
love;  and  the  learning  was  certainly  on  a  high  level.  They 
were  all  clever,  and  most  of  them  became  celebrated  men. 
This  "  oineromathic  "  brotherhood  they  defined  as  "  a  Union 
of  the  Searchers  after  Truth." 


FIG.  3.     The  "  Oineromathic  "  Symbol — From  a  prospectus  of  the  Club 
now  in  the  Zoological  Departmental  Library,  University  of  Liverpool. 

I  have  dwelt  at  some  length  on  his  student  years  in 
Edinburgh,  as  they  were  clearly  the  most  stimulating  and 
formative  tune  of  his  life,  definitely  related  to  all  he  did  later 
on,  and  brightened  by  friendships  which  persisted  to  the 
end.  It  was  a  lengthy  student's  career — nine  years — four 
years  of  medical  study,  which  he  finally  abandoned  in  1836 
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to  devote  all  his  energies  to  Science.  But  during  this  time 
he  spent  considerable  periods  away  from  Edinburgh,  travelling 
for  study  and  always  adding  to  his  Natural  History  collections 
wherever  he  went. 

Several  summers  between  1832  and  1839  he  spent  in 
dredging  the  Irish  Sea,  and  exploring  the  fauna  and  flora 
of  the  Isle  of  Man,  and  we  see  the  results  later  on  in  his  first- 
published  book  "Malacologia  Monensis,"  and  in  certain  papers 
in  the  Annals  and  Magazine  of  Natural  History. 

Another  summer  (1833)  he  and  a  fellow  student  explored 
far  from  beaten  tracks  in  Norway,  going  in  a  trading  brig 
from  Ramsey  to  Arendal,  and  then  shouldering  their  knapsacks 
and  packs  of  scientific  collecting  apparatus,  which,  no  doubt, 
became  heavier  day  by  day  as  the  collections  grew.  He  had, 
of  course,  the  noticing  eye  and  the  acquisitive  hand  of  the 
true  collector.  On  arriving  at  Bergen,  his  first  action  was 
to  note  that  a  spitting  box  or  spittoon  in  the  room  he  entered 
was  filled  with  a  fine  shell-sand,  which  he  promptly  emptied 
into  his  handkerchief  and  took  away  with  him  for  microscopic 
examination.  Another  year  he  spent  some  time  in  Paris, 
and  the  following  summer  made  an  expedition  to  Algeria. 
In  1839,  he  and  Goodsir  were  dredging  in  the  Shetland. Seas, 
with  results  which  Forbes  made  known  to  the  meeting  of  the 
British  Association  at  Birmingham  that  summer  with  such 
good  effect  that  a  "  Dredging  Committee  "  of  the  Association 
was  formed  to  continue  the  good  work. 

It  was  at  this  meeting  of  the  Association  that  Forbes  and 
his  friends  founded  the  "  Red  Lion  Clubbe,"  which  still  meets, 
not  with  the  regularity  of  its  early  days,  but  on  occasions, 
for  jovial  dinners  and  good  fellowship — the  old  "  Lions,"  and 
even  the  youngsters  or  "  Cubs,"  under  the  presidency  of  the 
"  Lion  King,"  roaring  and  growling  their  approval  and 
disapproval,  and  even  getting  up  and  waving  their  (coat-)  tails, 
while  some  make  witty  speeches  and  others  sing  amusing  songs, 
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generally  specially  composed  for  the  occasion,  and  as  often 
as  not  parodying  in  a  good-natured  way  some  of  the  serious 
papers  or  addresses  given  to  the  Association  at  the  meeting. 
Just  as  some  of  Forbes'  best  work  was  expounded  in  successive 
years  to  the  British  Association,  so  some  of  the  happiest  of 


FIG.  4.     Invitation  card  of  the  Bed  Lion  Clubbe  dinner. 

his  lighter  efforts  first  made  their  appearance  at  the  Red  Lion 
dinners.  In  this  particular  year  (1839),  when  he  gave  the 
scientific  results  of  his  Shetland  dredgings  to  the  Section,  he 
sang  or  chanted  to  the  Red  Lions  his  "  Song  of  the  Dredge," 
of  which  I  may  quote  a  few  verses  here  : — 

Hurrah  for  the  dredge,  with  its  iron  edge, 

And  its  mystical  triangle. 
And  its  hided  net  with  meshes  set 

Odd  fishes  to  entangle  ! 
The  ship  may  move  thro'  the  waves  above, 

'Mid  scenes  exciting  wonder, 
But  braver  sights  the  dredge  delights 
As  it  roves  the  waters  under. 

Then  a-dredging  we  will  go,  wise  boys  ! 

A-dredging  we  will  go  ! 
A-dredging  we  will  go,  a-dredging  we  will  go, 

A  dredging  we  will  go,  wise  boys,  wise  boys, 
A-dredging  we  will  go  ! 
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Down  in  the  deep,  where  the  mermen  sleep, 

Our  gallant  dredge  is  sinking  ; 
Each  finny  shape  in  a  precious  scrape 

Will  find  itself  in  a  twinkling  ! 

They  may  twirl  and  twist,  and  writhe  as  they  wist 
And  break  themselves  into  sections, 
But  up  they  all,  at  the  dredge's  call, 

Must  come  to  fill  collections. 

Then  a-dredging,  etc. 

The  creatures  strange  the  sea  that  range, 

Though  mighty  in  their  stations, 
To  the  dredge  must  yield  the  briny  field 

Of  their  loves  and  depredations. 
The  crab  so  bold,  like  a  knight  of  old, 

In  scaly  armour  plated, 
And  the  slimy  snail,  with  a  shell  on  his  tail, 

And  the  star-fish — radiated  ! 

Then  a-dredging,  etc. 


FIG.  5.     Naturalist's  Dredge. 

And  on  another  occasion,  when  at  the  Oxford  Meeting 
in  1847  there  had  been  a  notable  discussion  on  the  nature 
and  relations  of  the  extinct  Dodo,  Forbes  brought  out  his 
"  Song  of  the  Do-do,"  of  which  the  following  are  some  of 
the  verses : — 

Do-do  !     Vasco  da  Gama 

Sailed  from  the  Capo  of  Good  Hope  with  a  crammer, 

How  he  had  met,  in  the  Isle  of  Mauritius, 

A  very  queer  bird  wot  was  not  very  vicious, 

Called  by  the  name  of  a  do-do  ; 

And  all  the  world  thought  what  he  said  was  true. 

Do-do  !   although  we  can't  see  him 

His  picture  is  hung  in  the  British  Museum  ; 

For  the  creature  itself,  we  may  judge  what  a  loss  it  is 

When  it's  claw  and  it's  bill  are  such  great  curiosities. 

Do-do  !     Do  do  ! 

Ornithologists  all  have  been  puzzled  by  you. 
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Do-do  !     John  Edward  Gray,  sir, 

Doubted  what  Mr.  Blainville  did  say,  sir, 

And  held  that  the  bird  was  a  vile  imposition, 

And  that  the  old  Dutchman  had  seen  but  a  vision. 

A  do-do  !    a  regular  do  ! 

And  didn't  believe  one  word  was  true. 

Moral :     Do-do  !   alas  there  are  left  us 

No  more  remains  of  the  Didus  ineptus, 

And  so  in  the  progress  of  science  all  prodigies 

Must  die,  as  the  palm-trees  will  some  day  at  Loddiges, 

And  like  our  wonderful  do-do, 

Turn  out  not  worth  the  hullabaloo. 

During  his  last  few  years  at  Edinburgh,  Forbes  made 
strenuous  efforts  to  earn  a  livelihood  by  science.  He  prepared 
and  announced  courses  of  lectures  at  Edinburgh,  St.  Andrews 
and  elsewhere,  which,  I  fear,  were  but  poorly  attended  and 
probably  little  more  than  paid  expenses.  It  is  interesting 
to  notice  that  in  January,  1840,  he  gave  a  course  of  eight 
lectures  in  Liverpool. 

It  was  probably  on  the  occasion  of  these  lectures  that 
he  made  the  acquaintance  of  Mr.  Robert  MacAndrew,  a 
Liverpool  merchant  and  yachtsman,  interested  in  the  mollusca, 
who,  during  the  last  decade  or  so  of  Forbes'  life,  frequently 
took  him,  and  Goodsir  or  other  friends,  on  shorter  or  longer 
dredging  expeditions.*  For  example,  in  the  summer  of  1845 
we  find  that  he  was  with  MacAndrew  on  his  yacht  dredging 
in  Shetland  Seas,  and  on  the  way  back  amongst  the  sea-lochs 
of  the  Hebrides.  On  other  occasions  MacAndrew  took  him 
in  the  yacht  to  dredge  Milford  Haven,  or  off  the  Coast  of 
Cornwall,  or  other  localities  which  Forbes  required  to  examine 
in  connection  with  the  great  work  on  the  British  Mollusca 
upon  which  he  was  then  engaged.  Again,  we  find  Forbes  and 
Goodsir  in  their  important  paper,  "  On  some  remarkable 

*  I  am  glad  to  have  the  opportunity  of  paying  this  tribute  to  a  Liverpool 
yachtsman  who  found  or  helped  to  find  many  of  the  rarer  Mollusca  of  British 
Seas.  His  name  occurs  frequently  in  the  records  of  Forbes  and  Hanley's 
"  British  Mollusca,"  and  it  is  perpetuated  in  science  in  Calocaris  macandreae, 
one  of  the  rarer  deep-water  Crustacea,  and  in  the  names  of  several  species 
of  new  shell-fish  which  he  had  been  instrumental  in  discovering. 


62  TRANSACTIONS   LIVERPOOL   BIOLOGICAL   SOCIETY. 

Marine  Invertebrata  new  to  the  British  Seas,"  published 
by  the  Royal  Society  of  Edinburgh  in  1851,  recording  that : — 
"  The  animals,  either  wholly  new,  or  new  to  Britain,  described 
in  the  following  communication,  were  taken  during  a  yachting 
cruise  with  our  indefatigable  friend,  Mr.  MacAndrew,  among 
the  Hebrides,  in  the  month  of  August,  1850."  Amongst 
the  strange  animals  described  and  figured  in  this  paper  is 
the  remarkable  Ascidian,  Diazona  violacea  (the  Synteihys 
hebridica  of  Forbes  and  Goodsir),  which  was  discussed  some- 
what fully  in  a  recent  number  of  this  Annual  Report  (No.  26, 
for  1912). 


Fio.  6.     Diazona  violacea  in  the  living  condition  ( After  Forbes  and  Goodsir. ) 

Returning  to  1840,  his  age  was  now  twenty-six,  and 
this  was  the  year  when  he  published  his  "  British  Starfishes  "— 
the  first  of  his  larger  and  more  important  works.  It  remained 
as  the  standard  work  on  the  subject  for  many  years,  and  is 
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still  a  classic.  In  addition  to  its  solid  science  and  its  value 
as  a  work  of  reference,  there  are  scattered  through  it  touches 
of  humour,  and  the  artistic  and  sometimes  quaintly  comic 
vignettes  and  tail-pieces,  with  which  the  author's  pencil  has 
adorned  the  beginnings  and  ends  of  the  sections,  are  a  pleasing 
feature  of  the  work.  Let  me  quote  just  one  passage,  his 
description  of  the  dredging  of  the  Starfish,  Luidia  fragilissima 
(as  it  was  appropriately  named  at  that  time). 

"  The  first  time  I  ever  took  one  of  these  creatures 
I  succeeded  in  getting  it  into  the  boat  entire.  Never  having 
seen  one  before,  and  quite  unconscious  of  its  suicidal  powers, 
I  spread  it  out  on  a  rowing  bench,  the  better  to  admire  its 
form  and  colours.  On  attempting  to  remove  it  for  preservation, 
to  my  horror  and  disappointment  I  found  only  an  assemblage 
of  rejected  members.  My  conservative  endeavours  were  all 
neutralised  by  its  destructive  exertions,  and  it  is  now  badly 
represented  in  my  cabinet  by  an  armless  disk  and  a  diskless 
arm.  Next  time  I  went  to  dredge  on  the  same  spot,  determined 
not  to  be  cheated  out  of  a  specimen  in  such  a  way  a  second 
time,  I  brought  with  me  a  bucket  of  cold  fresh  water,  to  which 
article  Starfishes  have  a  great  antipathy.  As  I  expected, 
a  Luidia  came  up  in  the  dredge,  a  most  gorgeous  specimen. 
As  it  does  not  generally  break  up  before  it  is  raised  above  the 
surface  of  the  sea,  cautiously  and  anxiously  I  sunk  my  bucket 
to  a  level  with  the  dredge's  mouth,  and  proceeded  in  the 
most  gentle  manner  to  introduce  Luidia  to  the  purer  element. 
Whether  the  cold  air  was  too  much  for  him,  or  the  sight  of 
the  bucket  too  terrific,  I  know  not,  but  in  a  moment  he 
proceeded  to  dissolve  his  corporation,  and  at  every  mesh 
of  the  dredge  his  fragments  were  seen  escaping.  In  despair 
I  grasped  at  the  largest,  and  brought  up  the  extremity  of  an 
arm  with  its  terminating  eye,  the  spinous  eyelid  of  which 
opened  and  closed  with  something  exceedingly  like  a  wink 
of  derision."  ("  British  Starfishes,"  p.  138.) 
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In  turning  over  these  earlier  works  of  Forbes,  we  think 
of  him  as  the  typical  "  field-naturalist  "  of  the  older  days, 
when  it  was  still  possible  to  take  all  nature  for  your  province 
and  do  useful  work  in  many  fields — constantly  investigating, 
constantly  observing  wherever  he  went,  and  throwing  welcome 
light  on  science  by  all  his  observations. 

All  Forbes'  later  and  more  famous  work  in  Marine  Biology 
and  the  relations  between  Zoology  and  Geology — work  that 
extended  from  Hebridean  and  Scandinavian  Seas,  through 
the  Mediterranean  to  the  far  ^Egean — may  be  said  to  have 
sprung  from  and  been  founded  on  his  early  work  done  as  a 
lad  in  the  college  vacations  in  his  home  Manx  waters. 

A  little  to  the  north  of  Peel,  on  the  West  Coast  of  Man, 
lies  a  submarine  elevation,  the  Ballaugh  fishing  bank,  which 
was  the  scene  of  some  of  Forbes'  earliest  explorations — about 
eighty  years  ago.  The  path  of  the  pioneer  is  proverbially 
rough,  and  no  doubt  it  is  easier  for  us  now,  when,  on  occasions, 
we  take  our  students  to  the  Ballaugh  Bank  for  a  day's  dredging 
from  Port  Erin.  Forbes,  in  his  day,  must  have  gone  in  a 
small  sail-boat  from  the  shore  below  his  house,  or  possibly 
in  one  of  the  "  nobbies  "  of  the  Peel  fishing  fleet,  and  was 
certainly  more  dependent  upon  wind  and  weather  than  is 
now  the  case,  when  we  can  steam  to  the  bank  from  Port  Erin 
in  an  hour  or  two,  and  carry  on  our  work  there  without  much 
regard  to  wind  or  tide,  in  any  moderate  weather.  But  we 
find,  in  going  over  Forbes'  records  from  Ballaugh,  that  his 
work  was  wonderfully  detailed  and  accurate,  and  there  is 
little  or  nothing  to  add.  He  found  nearly  all  there  is  to  find, 
and  he  marked  out  the  distribution  of  life  upon  the  various 
depths  and  parts  of  the  bank  with  remarkable  precision. 
And  that,  I  think,  is  characteristic  of  much  of  his  work.  That 
he  did  so  much,  and  did  it  so  well  in  so  short  a  life,  full  of 
other  duties  and  cares,  must  constantly  excite  the  wonder 
and  admiration  of  those  who  humbly  follow  in  his  footsteps. 
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British  naturalists  are  justly  proud  of  the  thorough 
manner  in  which  the  contents  of  the  home  seas  have  been 
made  known  by  their  distinguished  predecessors ;  and  of  these 
famous  monographs,  which  will  remain  classics  of  science 
throughout  all  time,  some  of  the  chief est  glories  both  in  text 
and  plates  are  those  bearing  the  honoured  name  of  Edward 
Forbes. 

In  1841  came  the  great  opportunity  of  his  life  to  make 
marine  investigations  outside  the  British  Seas.  Captain  Graves, 
then  in  command  of  H.M.  Surveying  Ship  "  Beacon,"  engaged 
on  hydrographical  work  in  the  Eastern  Mediterranean,  offered 
Forbes  the  post  of  naturalist  to  the  expedition,  which  was 
promptly  accepted.  The  work  so  far  as  Forbes  was  concerned 
was  partly  on  land  and  partly  at  sea,  partly  zoological  and 
partly  archaeological.  After  some  months  of  surveying  and 
dredging  amongst  the  Isles  of  Greece,  the  "  Beacon  "  was 
ordered  to  the  coast  of  Lycia  for  the  purpose  of  conveying 
to  England  the  remarkable  carved  marbles  and  inscriptions 
discovered  in  the  ruins  of  the  ancient  city  of  Xanthus  by 
Sir  Charles  Fellows.  For  this  task  the  vessel  proved  eventually 
to  be  quite  unfitted,  but  it  gave  the  opportunity  for  Forbes, 
along  with  Lieut.  Spratt,  to  join  the  archaeologist,  Mr.  Daniell, 
in  a  series  of  important  explorations  in  the  interior  of  Lycia, 
in  the  course  of  which  they  determined  the  sites  of  no  fewer 
than  eighteen  ancient  cities  previously  unknown,  and  rescued 
many  inscriptions  and  carvings  from  the  ruins.  They  copied 
upwards  of  200  Greek  and  30  Lycian  inscriptions,  and  Forbes 
and  Spratt  a  few  years  later  (1847)  produced  an  interesting 
work  in  two  volumes  entitled  "  Travels  in  Lycia,"  giving 
the  story  of  their  explorations.  In  addition  to  his  share  of 
the  narrative  and  the  archaeology,  the  chapters  on  the  Natural 
History  of  Lycia  and  the  neighbouring  seas  are  clearly  the 
work  of  Forbes.  Mr.  Daniell  fell  a  victim  to  the  malignant 
malarial  fever  of  the  country,  and  Forbes  himself  apparently 
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had  a  narrow  escape.  His  companion,  writing  in  1842,  says  : 
"  Poor  Forbes,  the  Naturalist,  was  taken  ill  on  the  way  from 
Rhodes  to  Syra,  of  the  country  fever,  and  remained  for  thirteen 
days  together  without  tasting  food,  and  without  medicine 
or  medical  advice." 

During  this  expedition,  however,  his  main  work  was 
not  on  land,  but  at  sea  ;  and  his  marine  dredgings  in  the 
/Egean  gave  great  results.  Captain  Graves  tells  us  how 
Forbes  converted  everyone  on  board — officers  and  men 
alike — into  ardent  naturalists,  bringing  back  shells  and 
other  offerings,  "  curios "  as  they  called  them,  from  every 
surveying  trip  in  the  boats. 

Of  the  Greeks,  in  one  letter,  he  foretells — "  they  will 
be  a  great  people  yet,  and  are  almost  as  interesting  as  the 
shell-fish  that  live  on  their  shores."  One  of  the  points  of 
interest,  of  course,  in  the  shell-fish  was  that  they  and  many 
of  his  other  captures  were  precisely  the  animals  collected 
and  described  by  Aristotle  from  these  same  coasts  over  2,000 
years  before.  He  dredged  successfully  at  a  greater  depth 
(230  fathoms)  than  anyone  had  done  before,  and  to  his  surprise 
he  brought  up  living  starfishes  and  other  animals  from  200 
fathoms.  He  writes  that  the  shell-fish  from  the  deeper  water 
all  belong  to  types  only  known  in  the  fossil  condition,  and 
that,  so  far,  he  is  the  only  zoologist  who  has  seen  them  alive. 
His  Report  on  the  distribution  of  animals  in  the  ^Egean  Sea, 
which  eventually  appeared  before  the  British  Association  at 
Cork  in  1843,  was,  a  contemporary  tells  us,  a  most  important 
and  philosophic  summary  of  the  facts,  which  at  once  raised 
him  to  a  high  rank  among  living  naturalists.  He  defined, 
in  the  ^Egean,  eight  zones  of  depth  characterised  by  peculiar 
assemblages  of  animals,  and  he  "  conjectured  that  the  zero 
of  animal  life  would  probably  be  found  somewhere  about 
300  fathoms  " — so  he  named  the  region  below  that,  the  "  Azoic 
zone" — a  conclusion  which  has  since  been  found  to  be  erroneous. 
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Much  of  his  zoological  work  in  the  East  was  unfortunately  never 
published,  on  account  of  the  pressure  of  other  duties  in  which 
he  became  absorbed  on  his  return  to  London. 

The  Council  of  the  British  Association  gave  him  congratula- 
tions and  encouragement,  and  the  material  support  of  a  grant 
of  £100,  "to  be  expended  in  comparing  the  fauna  of  the 
Red  Sea  with  that  of  the  Mediterranean."  Forbes  therefore 
planned  an  extended  expedition  to  Egypt  for  this  purpose, 
which  was  first  postponed  by  his  severe  illness  and  then 
abandoned  when  he  was  recalled  in  October,  1842,  to  London 
to  take  up  the  duties  of  Professor  of  Botany  at  King's  College — 
a  post  he  had  been  elected  to  in  his  absence. 

There  were  probably  few  men  then,  and  there  are  none  now, 
who  could  be  elected  to  a  post  in  Botany,  in  Geology,  or  in 
Zoology  with  equal  success.  We  see  him  now  holding  two 
such  posts  simultaneously,  and  he  eventually  went  on  to  the 
third.  His  professorship  at  King's  College  brought  in  less 
than  £100  a  year,  so  he  had  to  supplement  that  scanty 
income  by  taking  other  work,  and  he  applied  for  and  was 
appointed  to  the  Curatorship  of  the  Geological  Society,  and 
a  few  years  later  (1844)  to  the  more  important  post  of 
Paleontologist  to  the  Geological  Survey. 

During  the  years  in  London  when  he  filled  these  several 
posts,  it  is  evident  that  his  duties  as  Professor  of  Botany 
took  up  comparatively  little  of  his  time  and  energies,  and 
that  he  was  then,  in  fact,  mainly  a  Geologist.  He  identified 
himself  thoroughly  and  intimately  with  the  members  of  the 
Geological  Society  and  with  his  colleagues  of  the  Geological 
Survey,  with  whom,  of  course,  he  was  constantly  working 
both  in  the  field  and  at  the  Jermyn  Street  Museum.  His 
work  as  Palaeontologist  was  to  identify  the  large  numbers 
of  fossils  collected  by  the  surveyors,  and  to  give  any  information 
he  could  as  to  the  conditions  under  which  they  had  lived. 
In  all  this  work,  which  occupied  some  of  the  best  years  of  his 
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life,  he  was,  however,  what  he  called  a  "  Zoo-Geologist," 
working  on  the  border-line  of  the  two  sciences  and  throwing 
light  on  both,  bringing  zoological  knowledge  in  regard  to 
the  animals  represented  by  the  fossils  to  bear  upon  geological 
problems,  and  showing  on  the  other  hand  how  geological 
changes  in  the  past  help  to  explain  the  distribution  of  animals 
and  plants  at  the  present  day.  In  some  respects  this  was 
the  finest  and  most  original  work  that  he  ever  did.  During 
this  period  he  was  one  of  the  founders  of  the  Palseontographical 
Society,  which  has  issued  a  noble  series  of  volumes,  some  of 
the  earlier  of  which  (e.g.,  British  Tertiary  Echinoderms)  are 
Forbes'  work.  He  also  contributed  largely  to  other  geological 
publications. 

We  can  only  mention  two  of  the  more  important  of  these 
pieces  of  work.  One  of  these  was  his  careful  investigation 
of  the  layers  of  supposed  Wealden  rocks,  known  as  the 
Purbeck  beds.  In  the  autumn  of  1849  he  went  down  to  the 
coast  of  Dorset  and  spent  some  months  making  a  most  minute 
investigation  of  the  strata,  with  the  result  that  he  proved 
that  these  beds  really  belong  to  the  Oolitic  series.  Sir  Archibald 
Geikie  tells  us  that,  "  with  magnifying  glass  at  eye  he  crept 
over  the  faces  of  the  rock,  layer  by  layer,  noting  the  peculiarities 
of  each  from  top  to  bottom.  As  the  result  of  this  detailed 
scrutiny,  while  there  was  no  evidence  that  any  physical 
disturbance  had  taken  place  in  the  area  during  the  deposition 
of  the  whole  of  the  strata,  the  testimony  of  the  included  fossils 
revealed  a  remarkable  series  of  alternations  of  fresh,  brackish, 
and  salt-water  conditions  over  this  part  of  England  when  the 
Purbeck  group  was  in  course  of  deposition.  Our  naturalist 
made  the  further  important  discovery  that  on  several  separate 
horizons  these  strata  enclose  the  shells  of  some  living  genera 
of  air-breathing  mollusks— creatures  which  had  not  till  then 
been  found  in  so  ancient  a  formation.  It  was  characteristic 
alike  of  his  humour  and  of  his  habit  of  making  fun  of  his 
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scientific  brethren,  and  even  of  himself,  that  in  some  verses 
on  what  he  called  '  Negative  Facts,'  given  at  the  Red  Lion 
Dinner  at  Ipswich,  and  published  in  the  '  Literary  Gazette ' 
for  12th  July,  1851,  he  instanced  the  finding  of  these  shells 
as  upsetting  a  premature  conclusion. 

Down  among  the  Purbecks  deep  enough, 

A  Physa  and  Planorbis 
Were  grubbed  last  year  out  of  freshwater  stuff, 

By  Bristow  and  E.  Forbes. 
(Agassiz  just  had  given  his  bail 

'Twas  adverse  to  creation 
That  there  should  live  pulmoniferous  snail 

Before  the  Chalk  formation.) 

The  discovery,  however,  carried  with  it  a  wider  significance. 
The  occurrence  of  these  snails  suggested  to  Forbes  that  if 
air-breathing  mollusks  existed  in  Purbeck  time,  remains  of 
mammalian  life  might  hopefully  be  searched  for  in  the  same 
stratum  as  that  which  contained  the  shells.  His  sagacious 
prognostication  was  fulfilled  not  long  after,  when  bones  of 
reptiles  and  insectivorous  mammals  were  exhumed  where 
he  had  indicated."  • 

The  second  example  of  Forbes'  geological  work  which 
I  have  selected  for  mention  is  his  celebrated  paper  "On  the 
connexion  between  the  Distribution  of  the  Existing  Fauna 
and  Flora  of  the  British  Isles  and  the  Geological  Changes 
which  have  affected  their  area,"  published  in  1846,  in  Vol.  I. 
of  the  Memoirs  of  the  Geological  Survey,  and  universally 
regarded  as  a  classic  on  the  subject. 

Forbes  recognised  that  the  origin  of  the  fauna  and  flora 
of  a  country  could  not  be  solved  from  biological  studies  alone, 
but  would  require  in  addition  the  evidence  supplied  by  Geology 
in  regard  to  former  changes  in  climate,  land  and  water. 
Dealing  with  the  flora  of  the  British  Islands  he  distinguished 
five  sub-floras  or  assemblages  of  plants — (1)  a  limited 
"  Lusitanian  "  flora  in  the  west  and  south-west  of  Ireland, 
comprising  saxifrages,  heaths,  the  arbutus,  a  Pinguicula,  and 
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other  plants  which  are  identical  with  species  found  abundantly 
in  the  north  of  Spain  ;  (2)  another  local  flora  in  the  south-west 
of  England  and  south-east  of  Ireland,  resembling  the  vegetation 
of  the  Channel  Isles  and  north-western  France  ;  (3)  a  restricted 
flora  found  on  the  chalk  downs  of  the  south-eastern  counties 
of  England  ;  (4)  a  remarkable  though  limited  flora,  flourishing 
on  the  tops  of  the  mountains,  chiefly  in  Scotland,  but  also 
on  the  hills  of  Cumberland  and  Wales,  and  even  on  some 
uplands  in  Ireland,  in  which  vegetation  all  the  plants  are 
specifically  identical  with  Scandinavian  forms ;  (5)  and  last, 
a  general  or  Germanic  flora,  like  that  of  Central  Europe, 
everywhere  present  either  alone  or  mingled  with  the  others. 

Forbes  accounted  for  this  distribution  of  the  flora  by 
migration  or  colonisation  from  neighbouring  lands  previous 
to  the  isolation  of  the  British  Islands  from  the  rest  of  Europe. 
He  supposed  that  the  southern  parts  of  our  islands  were 
probably  not  submerged  under  the  glacial  sea,  and  that 
over  land  now  covered  his  three  southern  assemblages  of 
plants  may  have  migrated  successively  northwards  from 
Spam  and  from  France,  before,  during  or  after  the  Ice  Age. 
If  the  floor  of  our  seas  was  raised  by  even  100  fathoms,  the 
British  Isles  would  become  a  part  of  the  European  continent, 
the  North  Sea  would  become  a  great  plain  continued  south 
and  west  through  what  is  now  the  English  Channel,  and  a 
strip  of  land  would  run  from  Britain  along  the  west  coast 
of  France  so  as  to  join  the  north  of  Spain.  This  was  the 
"  Continental  Platform "  over  which,  according  to  Forbes, 
the  plants,  and  even  possibly  some  of  the  lower  land  animals, 
may  have  migrated  into  the  south  and  west  of  Ireland. 

The  fauna  of  our  seas  also,  like  the  land  flora,  presents 
distinct  northern  and  southern  relations.  This  is  clearly  seen 
both  amongst  the  invertebrata,  such  as  the  molluscs,  and  also 
amongst  fishes.  In  discussing  these  relations,  one  of  the  most 
interesting  points  that  Forbes  demonstrated  was  the  presence 
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of  "  Boreal  Outliers "  or  assemblages  of  northern  species 
occupying  the  deeper  areas  of  about  80  to  100  fathoms  that 
occur  here  and  there  on  the  West  Coast  of  Scotland.  Such 
molluscs  as  Puncturella  noachina,  Trichotropis  borealis,  Natica 
groenlandica,  Astarte  elliptica,  Nucula  pygmaea,  Emarginula 
crassa,  Pecten  danicus,  Neaera  cuspidata,  and  the  brachiopods 
Terebratula  caput-serpentis  and  Crania  norvegica,*  are  charac- 
teristic forms  in  these  boreal  outliers,  and  Forbes'  view  was 
that  they  were  a  part  of  the  original  northern  fauna  which 
formerly  occupied  our  seas  and  which  had  retreated  northwards 
when  the  climate  became  more  genial  subsequent  to  the  glacial 
epbch,  leaving  these  colonies  isolated  in  the  deeper  holes. 

Some  of  the  chief  conclusions,  to  which  the  facts  and 
arguments  stated  in  his  detailed  memoir  lead,  he  summarises 
as  follows  : — 

"  (1)  The  fauna  and  flora,  terrestrial  and  marine,  of  the 
British  Islands  and  seas  have  originated  so  far  as  that  area 
is  concerned  since  the  Miocene  epoch. 

(2)  The  assemblages  of  animals  and  plants  composing 
that  fauna  and  flora  did  not  appear  in  the  area  they  now 
inhabit  simultaneously  but  at  several  distinct  points  of  time. 

(3)  Both  the  fauna  and  flora  of  the  British  Islands  and 
seas  are  composed  partly  of  species  which  appeared  in  that 
area  before  the  glacial  epoch,  partly  of  such  as  inhabited  it 
during  that  epoch,  and  in  great  part  of  those  which  did  not 
appear  there  until  afterwards. 

(4)  The  greater  part  of  the  terrestrial  animals  and  flowering 
plants  now  inhabiting  the  British  Islands  arose  outside  that 
area  and  have  migrated  to  it  over  continuous  land. 

(5)  The  Alpine  floras  of  Europe  and  Asia  are  fragments 
of  a  flora  which  was  diffused  from  the  North.     The  deep  sea 
fauna  is  in  like  manner  a  fragment  of  the  general  glacial  fauna. 

(6)  The  termination  of  the  glacial  epoch  in  Europe  was 

*  I  have  given  throughout  the  names  as  used  by  Forbes. 
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marked  by  a  recession  of  the  Arctic  fauna  and  flora  northwards, 
and  of  a  fauna  and  flora  of  the  Mediterranean  type  southwards, 
and  in  the  interspace  thus  produced  there  appeared  on  land  the 
general  Germanic  fauna  and  flora,  and  in  the  sea  that  fauna 
which  is  termed  Celtic. 

(7)  All  the  changes  before,  during  and  after  the  glacial 
epoch  appear  to  have  been  gradual  and  ngt  sudden,  so  that 
no  marked  line  of  demarkation  can  be  drawn  between  the 
creatures  inhabiting  the  same  element  and  the  same  locality 
during  two  proximate  periods." 

I  have  omitted  some  of  his  conclusions  which  can  no 
longer  be  regarded  as  based  on  fact :  others  require  some 
modification.  Much  has  been  found  out  during  the  last 
seventy  years,  and  it  is  not  surprising  if  some  of  Forbes' 
brilliant  and  far-reaching  speculations  have  proved  incorrect 
or  incomplete.  For  example,  the  three  southern  sub-floras 
of  Forbes,  in  place  of  being  the  oldest  as  he  supposed,  we  now 
know  must  have  been  the  most  recent ;  and  it  is  now  very 
doubtful  to  what  extent  they  migrated  over  continental  land 
now  submerged,  as  he  supposed,  or  were  not  rather  carried 
by  birds,  currents  or  other  natural  agencies. 

But  while  admitting  some  such  imperfections  due  to  the 
scanty  knowledge  of  that  day,  we  must  recognise  that  this 
was  a  notable  contribution  to  the  theory  of  distribution,  far 
in  advance  of  anything  known  at  the  time.  It  practically 
opened  up  a  fresh  field  of  investigation,  and  proved  to  be  the 
starting  point  and  stimulus  of  much  subsequent  research. 

There  are  many  of  his  writings,  and  of  his  lectures,  which 
I  have  no  space  to  refer  to — though  all  have  their  points  of 
interest.  Take  this,  for  example : — In  1847,  he  writes  to  a 
friend,  "  On  Friday  night  I  lectured  at  the  Royal  Institution. 
The  subject  was  the  bearing  of  submarine  researches  and 
distribution  matters  on  the  fishery  question.  I  pitched  into 
Government  mismanagement  pretty  strong,  and  made  a  fair 
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case  of  it.  It  seems  to  me  that  at  a  time  when  half  the  country 
is  starving  we  are  utterly  neglecting  or  grossly  mismanaging 
great  sources  of  wealth  and  food  .  .  .  Were  I  a  rich  man 
I  would  make  the  subject  a  hobby,  for  the  good  of  the  country 
and  for  the  better  proving  that  the  true  interests  of  Government 
are  those  linked  with  and  inseparable  from  Science." 

I  have  laid  more  stress  upon  Forbes'  theoretical  papers 
than  upon  his  matter  of  fact  descriptive  works.  Useful  as  these 
latter  are,  indispensable  to  the  systematic  zoologist  and  palae- 
ontologist, works  some  of  them,  such  as  Forbes  and  Hanley's 
"  British  Mollusca  "  (published  in  4  vols.  between  1848  and 
1853),  which  will  remain  as  classics  for  all  time,  still  they  are 
books  to  consult  rather  than  to  read.  On  the  other  hand, 
his  theories — such  as  those  on  the  distribution  of  marine  animals 
in  the  Mediterranean,  and  on  the  relations  of  the  British 
fauna  and  flora  to  the  great  Ice  Age,  even  if  in  some  respects 
they  are  now  regarded  as  erroneous  or  incomplete — have  had  a 
position  and  an  influence  in  the  history  of  science,  have  been 
an  inspiration  to  many  both  in  his  own  generation  and  since, 
and  have  led  up  to  and  guided  the  very  researches  which  have, 
in  some  cases,  resulted  in  more  correct  views.  His  theory  of 
the  "  Azoic  Zone  "  in  the  sea,  that  no  life  existed  below  300 
fathoms,  based  upon  his  observations  in  the  Eastern  Mediter- 
ranean, was  justified  by  the  facts  known  at  the  time,  but 
required  to  be  modified  later  on  when  the  deep-sea  dredging 
expeditions,  which  Forbes'  work  had  stimulated,  made 
known  that  an  abundant  living  fauna  extended  down  to  the 
greatest  depths  of  the  abysses. 

Taken  altogether,  it  is  a  wonderful  volume  of  work  both 
in  quantity  and  quality  for  a  man  to  have  produced  who  died 
before  reaching  the  age  of  forty.  His  working  life,  even 
considering  that  he  began  original  work  very  young,  was 
limited  to  about  twenty  years,  and  it  is  reasonable  to  suppose 
that  had  he  lived  he  would  have  made  Edinburgh  the  greatest 
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centre  of  marine  biological  work  in  Europe.  That  was  evidently 
the  opinion  of  his  contemporaries.  It  is  on  record  that  he 
was  worshipped  by  the  men,  old  and  young,  who  attended 
his  first  and  only  course  of  lectures  in  Edinburgh.  They 
spoke  of  the  wonderful  influence,  charm  and  fascination  that 
Forbes  exercised  on  all  who  came  in  contact  with  him,  and 
of  the  gloom  and  consternation  which  spread  over  the  University 
when  it  was  realised  that  he  would  never  again  meet  his  class. 

Forbes  was  appointed  to  the  goal  of  his  ambition,  the 
Chair  of  Natural  History,  at  Edinburgh,  in  March,  1854. 
He  gave  a  course  of  lectures  in  the  summer  term  to  a  large 
and  enthusiastic  audience,  after  which  he  returned  to  London 
to  finish  off  work  for  the  Geological  Survey  until  driven  to 
take  a  brief  holiday  in  the  country  by  a  severe  attack  of  illness. 
In  September  the  British  Association  met  in  Liverpool,  and 
Forbes  occupied  the  honourable  position  of  President  of  the 
Geological  Section  in  which  we  are  told  he  acquitted  himself 
with  great  distinction — as  he  did  likewise  when  presiding, 
in  the  character  of  a  Scottish  Lion,  at  the  Red  Lion  Dinner 
during  the  same  meeting. 

His  last  published  article,  written  at  this  time,  a  review 
of  Sir  R.  Murchison's  "  Siluria,"  contains  a  memorable  passage, 
beginning : — 

"  The  old  Scandinavian  gods  amused  themselves  all  day 
in  their  Valhalla  hacking  each  other  to  small  pieces,  but  when 
the  time  of  feasting  came,  sat  down  together  whole  and 
harmonious,  all  their  wounds  healed  and  forgotten.  Our 
modern  Thors,  the  hammer- wielders  of  Science,  enjoy  similar 
rough  sport  with  like  pleasant  ending."  His  purpose  was 
to  show  that  scientific  disputes  need  not  lead  to  unfriendly 
relations— that  after  tearing  each  other  to  pieces,  meta- 
phorically, in  the  section  room  the  protagonists  can  dine 
together  amicably  as  "Red  Lions." 

There  is  no  doubt  that  he  was  in  poor  health  during  this 
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summer,  and  had  had  no  adequate  rest.  He  returned  to 
Edinburgh  in  October  to  prepare  for  his  winter  course,  which 
started  on  November  1st.  But  after  a  week's  lecturing  he 
broke  down  completely  from  weakness  and  an  attack  of  fever, 
which  soon  showed  symptoms  of  kidney  trouble,  and  became 
rapidly  worse,  leading  to  his  death  a  few  days  later.  His 
old  friend,  Professor  Hughes  Bennett,  who  was  with  him  to 
the  last,  in  an  obituary  notice,  states  : — "  A  chronic  disease 
contracted  when  in  the  East,  re-excited  and  rendered  violent 
by  a  severe  cold  caught  last  autumn,  and  which  burst  out 
with  uncontrollable  fury  about  ten  days  ago,  was  the  immediate 
cause  of  his  premature  death." 

In  judging  of  the  man  it  is  important  to  bear  in  mind 
the  dominating  influence  of  his  personality  and  conversation, 
quite  apart  from  his  publications.  Few  can  now  be  alive 
who  have  held  converse  with  him,  but  from  remarks  in  the 
writings  of  his  contemporaries  we  gain  the  impression  of  a 
genial  and  lively  genius,  with  a  free  and  independent  spirit 
that  roamed  over  a  wide  range  in  quest  of  knowledge  and 
occupation. 

Although  an  ardent  student,  he  was  far  from  being  the 
recluse  or  the  typical  absent-minded  "  philosopher,"  as  the 
man  of  science  was  called  in  those  days.  Accomplished,  and 
with  high  social  gifts,  he  appreciated  versatility  and  sportsman- 
like qualities  in  others,  and  he  once  stated  (in  an  article  on 
Sir  Humphrey  Davy's  "  Salmonia  ")  that  he  "  would  undertake, 
without  travelling  far,  to  furnish  philosophers,  of  various 
scientific  callings,  who  could  ride  a  race,  hunt  a  fox,  shoot 
a  snipe,  cast  a  fly,  pull  an  oar,  sing  a  song,  or  mix  a  bowl, 
against  any  man  with  unexercised  brains,  or  even  with  none 
at  all,  in  the  United  Kingdom."  Mixing  of  bowls  has  gone 
out  of  fashion  in  scientific  circles,  but  with  that  exception, 
and  with  such  additions  as  may  have  resulted  from  the  develop  - 
ments  of  sport  and  locomotion,  the  boast  might  be  repeated 
of  the  "  philosophers  "  of  the  present  generation. 
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Forbes  was  certainly  the  most  brilliant  and  inspiring 
naturalist  of  his  day — a  day  when  it  was  still  possible  to 
make  original  contributions  to  knowledge  in  several  depart- 
ments of  nature.  As  we  have  seen,  he  held  posts  successively 
as  Professor  of  Botany  in  London,  as  Palaeontologist  to  the 
Geological  Survey,  and  as  Professor  of  Natural  History  in 
Edinburgh ;  but  to  my  mind  the  best  description  in  brief 
form  is  that  he  was  the  pioneer  of  oceanography — the  science 
of  the  sea. 


FIG.  7.     From  the  portrait  in  Wilson  and  Geikie'B  Memoir. 

t  is  true  that  the  term  oceanography  was  not  coined 
il  much  later,  and  that  Forbes  in  his  marine  explorations 
probably  did  not  realise  that  he  was  opening  up  a  most  com- 
prehensive and  important  department  of  knowledge.      But 
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it  is  also  true  that  in  all  his  expeditions — in  the  British  seas 
from  the  Channel  Islands  to  the  Shetlands,  in  Norway,  in 
the  Mediterranean  as  far  as  the  Aegean  Sea — his  broad  outlook 
on  the  problems  of  nature  was  that  of  the  modern  oceano- 
grapher,  and  he  was  the  spiritual  ancestor  of  men  like  Sir 
Wyville  Thomson,  of  the  Challenger  Expedition,  and 
Sir  John  Murray,  whose  recent  accidental  death,  in  the  midst 
of  active  work,  was  an  irreparable  loss  to  this  new  and  rapidly 
advancing  science  of  the  sea. 

Forbes  in  his  marine  investigations,  as  we  have  seen, 
worked  at  border-line  problems,  dealing  for  example  with 
the  relations  of  Geology  to  Zoology,  and  the  effect  of  the 
past  history  of  the  land  and  sea  upon  the  distribution  of 
plants  and  animals  at  the  present  day,  and  in  these  respects 
he  was  an  early  oceanographer.  For  the  essence  of  that  new 
subject  is  that  it  also  investigates  border-line  problems 
and  is  based  upon,  and  makes  use  of  all  the  older  fundamental 
sciences — Physics,  Chemistry,  and  Biology — and  shows  for 
example  how  variations  in  the  great  ocean  currents  may 
account  for  the  movements  and  abundance  of  the  migratory 
fishes,  and  how  periodic  changes  in  the  chemical  characters 
of  the  sea  are  co-related  with  the  distribution  at  the  different 
seasons  of  the  all-important  microscopic  organisms  that 
render  our  oceanic  waters  as  prolific  a  source  of  food  as  the 
pastures  of  the  land. 

Oceanography  is  as  yet  scarcely  known  in  the  Universities, 
and  when  it  does  come  to  be  recognised  and  provided  for,  it 
will  probably  be  as  a  research  department,  carrying  on  investi- 
gations partly  by  experiments  in  the  University  laboratories 
on  shore,  partly  by  observations  on  special  expeditions  at 
sea,  and  partly  no  doubt  by  the  accumulation  and  comparison 
of  data  as  to  temperatures  and  salinities,  obtained  from  com- 
mercial vessels  making  ocean  traverses — all  on  the  lines 
shown  by  the  magnificent  "  Mus4e  Oceanographique."  at 
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Monaco,  and  also  by  the  programme  of  work  of  the  "  Conseil 
Permanent  International  pour  1'exploration  de  la  Mer,"  a 
scheme  of  co-operation  between  the  nine  or  ten  maritime 
nations  of  North- West  Europe  (unhappily  now  in  abeyance 
on  account  of  the  war),  and,  I  think  I  may  add,  although 
the  methods  and  the  objects  may  now  be  very  different,  also 
quite  in  the  spirit  of  the  pioneer  work  performed  in  the  Irish 
Sea  by  Edward  Forbes  seventy  to  eighty  years  ago. 

It  must  always  remain  an  interesting  speculation  as 
to  what  part  Edward  Forbes  would  have  played,  had  he  lived, 
in  the  great  controversy  which  raged  a  few  years  later  round 
the  Darwinian  theory  of  Evolution  by  means  of  Natural 
Selection.  Forbes  and  Darwin  were  practically  contemporaries,* 
but  whereas  Forbes'  life  work  was  ended  in  1854,  Darwin's 
more  celebrated  works  were  not  published  until  after  1858, 
the  year  when  he  and  Wallace  laid  their  epoch-making  com- 
munication upon  the  Origin  of  Species  before  the  Linnean 
Society  of  London. 

Forbes,  at  the  time  of  his  death  was,  in  the  opinion  of 
his  contemporaries,  the  most  original  naturalist  of  the  time, 
and  he  had  certainly  had  as  much  to  do  with  the  recognition 
and  description  of  species — species  of  animals,  of  plants  and 
of  fossils — as  anyone  of  his  day.  Would  this  knowledge  have 
helped  him  to  appreciate  Darwin's  new  views,  or  would  it 
have  confirmed  him  in  the  more  orthodox  opinions  of  the 
time  ?  Huxley  was  his  junior  by  ten  years,  and  Huxley  was 
the  protagonist  of  Darwinian  Evolution.  Would  Forbes 
have  been  found  in  the  same  camp,  or  would  he  have  been 
one  of  those  more  senior  men  in  regard  to  whom  Darwin 
said  that  he  did  not  expect  to  convince  experienced 
Naturalists  whose  minds  had  been  accustomed  during  many 
years  to  an  opposite  point  of  view,  but  looked  with  confidence 


isii'.i. 


*  Darwin  was  precisely  six  years  senior,  being  born  on  February  12th, 
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"to  young  and  rising  Naturalists,  who  will  be  able  to  view 
both  sides  of  the  question  with  impartiality  "*  ? 

When  reading  Forbes'  views  on  specific  and  generic 
centres  of  distribution,  or  his  work  in  tracing  the  migrations 
of  species  both  in  space  and  time,  or  the  description  of  his 
great  map  of  "  homoiozoic  belts,"  one  feels  that  surely  he 
was  not  far  from  a  belief  in  the  mutability  and  community 
of  descent  of  organic  forms,  and  that  had  he  lived  he  must 
have  readily  seen  that  the  Darwinian  theory  gave  a  reasonable 
explanation  of  the  great  series  of  facts  in  distribution  which 
his  industry  had  collected  and  his  genius  had  marshalled. 
These,  taken  along  with  his  unrivalled  palaeontological  know- 
ledge, are  the  grounds  for  hoping  that  Forbes  would  have 
been  found  with  Huxley  in  the  Darwinian  camp. 

In  the  entrance  hall  of  the  Port  Erin  Biological  Station, 
the  most  conspicuous  object  is  the  large  white  bustf  of  Edward 
Forbes,  whose  clear-cut  intellectual  features  and  genial  expres- 
sion at  once  arrest  the  eye,  and  appear  to  preside  over  the 
activities  and  destiny  of  the  institution.  And  what  better 
position  could  there  be  for  this  finely-formed  reminder  of 
the  Manx  pioneer  of  science  than  in  this  workshop  of  Manx 
marine  biology,  devoted  to  the  continuation  and  extension 
of  Forbes'  work  in  his  native  land  ?  For  here,  all  researchers 
who  work  in  the  laboratory,  everyone  of  the  hundreds  of 
senior  students  who  enter  on  a  course  of  study  at  Port  Erin, 
and  all  who  care  of  the  many  thousands  of  visitors  who  frequent 
the  Aquarium,  recognise  or  learn  who  Professor  Edward 
Forbes  was,  and  what  he  did.  His  works  are  in  our  library 
at  the  Biological  Station,  the  starfishes  and  molluscs  he 
described  so  well  with  pen  and  pencil  are  in  the  sea  before 
our  doors,  his  home  at  Ballaugh  is  almost  in  sight.  In  all 

*  Origin  of  Species,  6th  Edition,  p.  423. 

t  Presented  to  the  Institution  by  Mr.  P.  M.  C.  Kermode,  of  Ramsey. 
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our  work  at  Port  Erin,  we  keep  his  words,  as  well  as  his  familiar 
features,  constantly  before  us  as  an  example  and  an  inspiration. 
We  hope  in  the  Island  to  have  some  day  a  worthy  Manx 
National  Museum,  at  Douglas,  and  when  that  temple  of  the 
natural  and  antiquarian  sciences  comes  to  be  reared,  one  of 
the  principal  halls — designed  to  contain  the  vast  collections 
of  marine  biology,  and  to  illustrate  the  applications  of  that 
science  to  the  sea-fisheries — will  surely  be  dedicated  to  the 
immortal  memory  of  Edward  Forbes,  the  great  Manx  naturalist, 
who  first  made  known  the  abundant  treasures  of  our  seas. 
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APPENDIX  B. 


THE  LIVERPOOL  MARINE  BIOLOGY 
COMMITTEE   (1915). 

His  EXCELLENCY  THE  RIGHT  HON.  LORD  RAGLAN,  Lieut.- 

Governor  of  the  Isle  of  Man. 
RT.  HON.  SIR  JOHN  BRUNNER,  BART. 
PROF.  R.  J.  HARVEY  GIBSON,  M.A.,  Liverpool. 
MR.  W.  J.  HALLS,  Liverpool. 
PROF.   W.   A.   HERDMAN,  D.Sc.,  F.R.S.,  F.L.S.,   Liverpool. 

Chairman  of  the  L.M.B.C.,   and  Hon.   Director  of  the 

Biological  Station. 

MR.  P.  M.  C.  KERMODE,  Ramsey,  Isle  of  Man. 
PROF.  BENJAMIN  MOORE,  F.R.S.,  London. 
SIR  CHARLES  PETRIE,  Liverpool. 
MR.  E.  THOMPSON,  Liverpool,  Hon.  Treasurer. 
MR.  A.  0.  WALKER,  F.L.S.,  J.P.,  formerly  of  Chester. 
MR.  ARNOLD  T.  WATSON,  F.L.S.,  Sheffield. 


Curator  of  the  Station — MR.  H.  C.  CHADWICK,  A.L.S. 
Assistant — MR.  T.  N.  CREGEEN. 
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CONSTITUTION  OF  THE  L.M.B.C. 

(Established  March,  1885.) 

I. — The  OBJECT  of  the  L.M.B.C.  is  to  investigate  the 
Marine  Fauna  and  Flora  (and  any  related  subjects  such  as 
submarine  geology  and  the  physical  condition  of  the  water)  of 
Liverpool  Bay  and  the  neighbouring  parts  of  the  Irish  Sea  and, 
if  practicable,  to  establish  and  maintain  a  Biological  Station  on 
some  convenient  part  of  the  coast. 

II. — The  COMMITTEE  shall  consist  of  not  more  than  12 
and  not  less  than  10  members,  of  whom  3  shall  form  a  quorum  ; 
and  a  meeting  shall  b*e  called  at  least  once  a  year  for  the  purpose 
of  arranging  the  Annual  Report,  passing  the  Treasurer's 
accounts,  and  transacting  any  other  necessary  business. 

III. — During  the  year  the  AFFAIRS  of  the  Committee  shall 
be  conducted  by  an  HON.  DIRECTOR,  who  shall  be  Chairman  of 
the  Committee,  and  an  HON.  TREASURER,  both  of  whom  shall 
be  appointed  at  the  Annual  Meeting,  and  shall  be  eligible  for 
re-election. 

IV. — Any  VACANCIES  on  the  Committee,  caused  by  death 
or  resignation,  shall  be  filled  by  the  election  at  the  Annual 
Meeting  of  those  who,  by  their  work  on  the  Marine  Biology  of 
the  district,  or  by  their  sympathy  with  science,  seem  best  fitted 
to  help  in  advancing  the  work  of  the  Committee. 

V. — The  EXPENSES  of  the  investigations,  of  the  publication 
of  results,  and  of  the  maintenance  of  the  Biological  Station 
shall  be  defrayed  by  the  Committee,  who,  for  this  purpose, 
shall  ask  for  subscriptions  or  donations  from  the  public,  and  for 
grants  from  scientific  funds. 

VI. — The  BIOLOGICAL  STATION  shall  be  used  primarily  for 
the  Exploring  work  of  the  Committee,  and  the  SPECIMENS 
collected  shall,  so  far  as  is  necessary,  be  placed  in  the  first 
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instance  at  the  disposal  of  the  members  of  the  Committee  and 
other  specialists  who  are  reporting  upon  groups  of  organisms  ; 
work  places  in  the  Biological  Station  may,  however,  be  rented 
by  the  week,  month,  or  year  to  students  and  others,  and 
duplicate  specimens  which,  in  the  opinion  of  the  Committee, 
can  be  spared  may  be  sold  to  museums  and  laboratories. 


LIVERPOOL  MARINE  BIOLOGICAL  STATION 

AT 

PORT  ERIN. 


GENERAL  REGULATIONS. 

I. — This  Biological  Station  is  under  the  control  of  the 
Liverpool  Marine  Biology  Committee,  the  executive  of  which 
consists  of  the  Hon.  Director  (Prof.  Herdman,  F.R.S.)  and  the 
Hon.  Treasurer  (Mr.  E.  Thompson). 

II. — In  the  absence  of  the  Director,  and  of  all  other 
members  of  the  Committee,  the  Station  is  under  the  temporary 
control  of  the  Resident  Curator  (Mr.  H.  C.  Chadwick),  who  will 
keep  the  keys,  and  will  decide,  in  the  event  of  any  difficulty, 
which  places  are  to  be  occupied  by  workers,  and  how  the  tanks, 
boats,  collecting  apparatus,  &c.,  are  to  be  employed. 

III. — The  Resident  Curator  will  be  ready  at  all  reasonable 
hours  and  within  reasonable  limits  to  give  assistance  to  workers 
at  the  Station,  and  to  do  his  best  to  supply  them  with  material 
for  their  investigations. 

IV. — Visitors  will  be  admitted,  on  payment  of  a  small 
specified  charge,  at  fixed  hours,  to  see  the  Aquarium  and 
Museum  adjoining  the  Station.  Occasional  public  lectures  are 
given  in  the  Institution  by  members  of  the  Committee. 

V. — Those  who  are  entitled  to  work  in  the  Station,  when 
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there  is  room,  and  after  formal  application  to  the  Director, 
are  : — (i)  Annual  Subscribers  of  one  guinea  or  upwards  to  the 
funds  (each  guinea  subscribed  entitling  to  the  use  of  a  work 
place  for  three  weeks),  and  (2)  others  who  are  not  annual 
subscribers,  but  who  pay  the  Treasurer  10s.  per  week  for  the 
accommodation  and  privileges.  Institutions,  such  as  Univer- 
sities and  Museums,  may  become  subscribers  in  order  that  a 
work  place  may  be  at  the  disposal  of  their  students  or  staff  for  a 
certain  period  annually  ;  a  subscription  of  two  guineas  will 
secure  a  work  place  for  six  weeks  in  the  year,  a  subscription  of 
five  guineas  for  four  months,  and  a  subscription  of  £10  for  the 
whole  year. 

VI. — Each  worker  is  entitled  to  a  work  place  opposite  a 
window  in  the  Laboratory,  and  may  make  use  of  the  micro- 
scopes and  other  apparatus,  and  of  the  boats,  dredges,  tow-nets, 
&c.,  so  far  as  is  compatible  with  the  claims  of  other  workers, 
and  with  the  routine  work  of  the  Station. 

VII. — Each  worker  will  be  allowed  to  use  one  pint  of 
methylated  spirit  per  week  free.  Any  further  amount  required 
must  be  paid  for.  All  dishes,  jars,  bottles,  tubes,  and  other 
glass  may  be  used  freely,  but  must  not  be  taken  away  from  the 
Laboratory.  Workers  desirous  of  making,  preserving,  or  taking 
away  collections  of  marine  animals  and  plants,  can  make 
special  arrangements  with  the  Director  or  Treasurer  in  regard 
to  bottles  and  preservatives.  Although  workers  in  the  Station 
are  free  to  make  their  own  collections  at  Port  Erin,  it  must  be 
clearly  understood  that  (as  in  other  Biological  Stations)  no 
specimens  must  be  taken  for  such  purposes  from  the  Laboratory 
stock,  nor  from  the  Aquarium  tanks,  nor  from  the  steam-boat 
dredging  expeditions,  as  these  specimens  are  the  property  of  the 
Committee.  The  specimens  in  the  Laboratory  stock  are  pre- 
served for  sale,  the  animals  in  the  tanks  are  for  the  instruction 
of  visitors  to  the  Aquarium,  and  as  all  the  expenses  of  steam- 
boat dredging  expeditions  are  defrayed  by  the  Committee,  the 
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specimens  obtained  on  these  occasions  must  be  retained  by  the 
Committee  (a)  for  the  use  of  the  specialists  working  at  the 
Fauna  of  Liverpool  Bay,  (6)  to  replenish  the  tanks,  and  (c)  to 
add  to  the  stock  of  duplicate  animals  for  sale  from  the 
Laboratory. 

VIII. — Each  worker  at  the  Station  is  expected  to  prepare 
a  short  report  upon  his  work — not  necessarily  for  publication — 
to  be  forwarded  to  Prof.  Herdman  before  the  end  of  the  year 
for  notice,  if  desirable,  in  the  Annual  Report. 

IX. — All  subscriptions,  payments,  and  other  communica- 
tions relating  to  finance,  should  be  sent  to  the  Hon.  Treasurer. 
Applications  for  permission  to  work  at  the  Station,  or  for 
specimens,  or  any  communications  in  regard  to  the  scientific 
work  should  be  made  to  Professor  Herdman,  F.R.S.,  University, 
Liverpool. 


MEMORANDA  FOR  STUDENTS  AND  OTHERS  WORKING  AT  THE 
PORT  ERIN  BIOLOGICAL  STATION. 

Post-graduate  students  and  others  carrying  on  research 
will  be  accommodated  in  the  small  work-rooms  of  the  ground 
floor  laboratory  and  in  those  on  the  upper  floor  of  the  new 
research  wing.  Some  of  these  little  rooms  have  space  for  two 
persons  who  are  working  together,  but  researchers  who  require 
more  space  for  apparatus  or  experiments  will,  so  far  as  the 
accommodation  allows,  be  given  rooms  to  themselves. 

Undergraduate  students  working  as  members  of  a  class 
will  occupy  the  large  laboratory  on  the  upper  floor  or  the  front 
museum  gallery,  and  it  is  very  desirable  that  these  students 
should  keep  to  regular  hours  of  work.  As  a  rule,  it  is  not 
expected  that  they  should  devote  the  whole  of  each  day  to  work 
in  the  laboratory,  but  should  rather,  when  tides  are  suitable, 
spend  a  portion  at  least  of  either  forenoon  or  afternoon  on  the 
sea-shore  collecting  and  observing. 
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Occasional  collecting  expeditions  are  arranged  under 
guidance  either  on  the  sea-shore  or  out  at  sea,  and  all  under- 
graduate workers  should  make  a  point  of  taking  part  in  these. 

It  is  desirable  that  students  should  also  occasionally  take 
plankton  gatherings  in  the  bay  for  examination  in  the  living 
state,  and  boats  are  provided  for  this  purpose  at  the  expense  of 
the  Biological  Station  to  a  reasonable  extent.  Students  desiring 
to  obtain  a  boat  for  such  a  purpose  must  apply  to  the  Curator 
at  the  Laboratory  for  a  boat  voucher.  Boats  for  pleasure  trips 
are  not  supplied  by  the  Biological  Station,  but  must  be  provided 
by  those  who  desire  them  at  their  own  expense. 

Students  requiring  any  apparatus,  glass-ware  or  chemicals 
from  the  store-room  must  apply  to  the  Curator.  Although  the 
Committee  keep  a  few  microscopes  at  the  Biological  Station, 
these  are  mainly  required  for  the  use  of  the  staff  or  for  general 
demonstration  purposes.  Students  are  therefore  strongly 
advised,  especially  during  University  vacations,  not  to  rely 
upon  being  able  to  obtain  a  suitable  microscope,  but  ought  if 
possible  to  bring  their  own  instruments. 

Students  are  advised  to  provide  themselves  upon  arrival 
with  the  "  Guide  to  the  Aquarium  "  (price  3d.),  and  should  each 
also  buy  a  copy  of  the  set  of  Local  Maps  (price  2d.)  upon  which 
to  insert  their  faunistic  records  and  other  notes. 

Occasional  evening  meetings  in  the  Biological  Station  for 
lecture  and  demonstration  purposes  will  be  arranged  from  time 
to  time.  Apart  from  these,  it  is  generally  not  advisable  that 
students  should  come  back  to  work  in  the  laboratory  in  the 
evening ;  and  in  all  cases  all  lights  will  be  put  out  and  doors 
locked  at  10  p.m.  When  the  institution  is  closed,  the  key  can 
be  obtained,  by  those  who  have  a  valid  reason  for  entering  the 
building,  only  on  personal  application  to  Mr.  Chadwick,  the 
Curator,  at  3,  Rowany  Terrace. 
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REGULATIONS  OF  THE  EDWARD  FORBES 
EXHIBITION. 

[Extracted  from  the  Calendar  of  the  University  of  Liverpool 
for  the  Session  1915-16,  p.  438.] 

"  EDWARD  FORBES  EXHIBITION. 

"  Founded  in  the  year  1915  by  Professor  W.  A.  Herdman, 
D.Sc.,  F.R.S.,  to  commemorate  the  late  Edward  Forbes,  the 
eminent  Manx  Naturalist  (.1815-1854),  Professor  of  Natural 
History  in  the  University  of  Edinburgh,  and  a  pioneer  in 
Oceanographical  research. 

The  Regulations  are  as  follows  : — 

(1)  The  interest  of  the  capital,  £100,  shall  be  applied  to 
establish  an  Exhibition  which  shall  be  awarded  annually. 

(2)  The  Exhibitioner  shall  be  a  post  graduate  student 
of  the  University   of  Liverpool,   or,   in   default  of  such,   a 
post-graduate  student  of  another  University,  qualified  and 
willing  to  carry  on  researches  in  the  Manx  seas  at  the  Liverpool 
Marine  Biological  Station  at  Port  Erin,  in  continuation  of  the 
Marine  Biological  work  in  which  Edward  Forbes  was  a  pioneer. 

(3)  Candidates  must  apply  in  writing  to  the  Registrar, 
on  or  before  1st  February. 

(4)  Nomination  to  the  Exhibition  shall  be  made  by  the 
Faculty  of  Science  on  the  recommendation  of  the  Professor 
of  Zoology. 

(5)  The  plan  of  work  proposed  by  the  Exhibitioner  shall 
be  subject  to  the  approval  of  the  Professor  of  Zoology. 
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(6)  Should  no  award  be  made  in  any  year,  the  income 
shall  be  either  added  to  the  capital  of  the  fund,  or  shall  be 
applied  in  such  a  way  as  the  Council,  on  the  recommendation 
of  the  Faculty  of  Science,  may  determine. 

(7)  The  Council  shall  have  power  to  amend  the  foregoing 
Regulations,  with  the  consent  of  the  donor,  during  his  life- 
time, and  afterwards  absolutely ;    provided,   however,  that 
the  name  of  Edward  Forbes  shall  always  be  associated  with 
the  Exhibition,  and  that  the  capital  and  interest  of  the  fund 
shall  always  be  used  to  promote  the  study  of  Marine  Biology." 
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APPENDIX  C. 
HON.  TREASURER'S  STATEMENT. 

The  list  of  subscribers  and  Balance  Sheet  for  1915 
are  shown  on  the  following  pages.  There  is  a  small  balance 
in  favour  of  the  Committee,  but  unfortunately  the 
Subscribers'  List  is  less  than  previously :  moreover, 
our  source  of  revenue  has"  been  curtailed  owing  to  the 
regrettable  conditions  in  the  Isle  of  Man  during  the 
past  year,  with  the  result  that  there  have  been  fewer 
visitors  to  the  Aquarium,  and  the  sale  of  Guides  has  been 
very  small. 

The  Committee  earnestly  hope  that  more  subscriptions 
will  be  forthcoming  from  those  who  appreciate  the  useful 
work  that  is  being  carried  on  at  Port  Erin. 

EDWIN  THOMPSON, 

Hon.  Treasurer. 


25,  Sefton  Drive, 

Liverpool.  December  IQth,  1915. 
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SUBSCRIBEES. 

£    s.    d. 

Browne,  Edward  T.,  M.A.,  Anglefield,  Berkhamsted, 

Herts.          ...  

Brunner,  Mond  &  Co.,  North wich... 

Brunner,   Rt.  Hon.  Sir  John,  Bart.,  Silverlands, 

Chertsey                                    500 

Brunner,  J.  F.  L.,  M.P.,  43,  Harrington  Gardens, 

London,  S.W.    ... 

Brunner,  Roscoe,  Belmont  Hall,  North  wich        ...  110 
Chandhuri,  Dr.  B.    L.,  120,  Lower  Circular-road, 

Calcutta  

Clubb,  Dr.  J.  A.,  Public  Museums,  Liverpool      ...  0  10     6 

Cole,  Prof.,  University  College,  Reading  ...  110 

Dale,  Sir  Alfred,  University,  Liverpool     ...  110 

Dixon-Nuttall,  F.  R.,  J.P.,  F.R.M.S.,  Prescot      ...  220 

Gibson,   Prof.   R.  J.    Harvey,    The    University, 

Liverpool           ...         ...          ...         •••          •••  110 

Graveley,  F.  H.,  Indian  Museum,  Calcutta         ...  0  10     6 

Halls,  W.  J.,  35,  Lord-street,  Liverpool 110 

Herdman,  Prof.,  F.R.S.,  University,  Liverpool    ...  220 

Hewitt,  David  B.,  J.P.,  Northwich           110 

Hickson,  Prof.,  F.R.S.,  University,  Manchester  ...  110 

Holt,  Dr.  Alfred,  Dowsefield,  Allerton       100 

Holt,  Mrs.,  Sudley,  Mossley  Hill,  Liverpool        ...  220 

Isle  of  Man  Natural  History  Society         220 

Jarmay,  Gustav,  Hartford,  Cheshire         ...         ...  1     1     0 

Livingston,  Charles,  16,  Brunswick-st.,  Liverpool  110 

Manchester  Microscopical  Society...         ...           ..  110 

Meade-King,  R.  R.,  Tower  Buildings,  Liverpool...  0  10     0 

Mond,  R.,  Sevenoaks,  Kent 500 

Monks,  F.  W.,  Warrington 220 

Mottram,  V.  H.,  256,  Lordship-lane,  East  Dulwich, 

London  ...         ...         ...         ...         ...         ...  110 

Forward  £39  17     0 
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£       8.    d. 

Forward 39  17    0 

Muspratt,  Dr.  E.  K.,  Seaforth  Hall,  Liverpool    ...  500 

O'Connell,    Dr.  J.  H.,    Dunloe,   Heathfield-road, 

Liverpool        ...         ...         ...         ...         ...  110 

Petrie,  Sir  Charles,  Ivy  Lodge,  Aigburth,  Liverpool  110 

Eathbone,  Miss  May,  Backwood,  Neston  ...         ...  1     1     0 

Eathbone,  Mrs.,  Green  Bank,  Allerton,  Liverpool  200 

Eoberts,  Mrs.  Isaac,  Thomery,  S.  et  M.,  France  ...  110 

Eobinson,  Miss  M.  E.,  Holmfield,  Aigburth,  L'pool  100 

Smith,  A.  T.,  43,  Castle-street,  Liverpool 110 

Tate,  Sir  W.  H.,  Woolton,  Liverpool         ...         ...  220 

Thompson,  Edwin,  25,  Sefton  Drive,  Liverpool    ...  110 

Thornely,  Miss,  Nunclose,  Grassendale    ...         ...  0  10     0 

Thornely,  Miss  L.  E.,  Nunclose,  Grassendale      ...  220 

Toll,  J.  M.,  49,  Newsham-drive,  Liverpool          ...  110 

Walker,  Alfred  O.,  Ulcombe  Place,  Maidstone     ...  330 

Ward,  Dr.  Francis,  20,  Park  Eoad;  Ipswich        ...  220 

Watson,  A.  T.,  Tapton-crescent  Eoad,  Sheffield  ...  110 

Whitley,  Edward,  The  Holt,  Linton-road,  Oxford  220 

Yates,  Harry,  75,  Shudehill,  Manchester 110 


£69    7  0 
Deduct   Subscriptions    still    unpaid    less    old 

Subscriptions  received     ...         ...         ...       12  10  0 

£56  17  0 
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SUBSCRIPTIONS  FOR  THE  HIRK  OP  "  WORK-TABLES." 

Victoria  University,  Manchester  ...  ...  ...  £10     0     0 

University,  Liverpool           ...  ...  ...  ...  10     0     0 

University,  Birmingham      ...  ...  ...  ..  10     0     0 

University  College,  Eeading  ...  ...  ...  220 


£32     2     0 
Add  old  Subscriptions  paid      440 

£36     6     0 
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NOTE  ON  THE 

PROSPECTUS  OF  PROFESSOR  EDWARD  FORBES' 
"OINEROMATHIC"  CLUB. 

BY    MAY    ALLEN,    B.A., 

Sub-Librarian  in  the  Faculty  of  Science, 
University  of  Liverpool. 

[Read  December  10th,  1915.] 

In  Professor  Herdman's  address  on  "  The  Life  and  Work 
of  Edward  Forbes,"  read  at  the  last  meeting  of  the  Society, 
reference  was  made  to  the  Students'  Club,  "  The  Brotherhood 
of  the  Magi,"  formed  by  Edward  Forbes  and  his  friends  at 
the  University  of  Edinburgh  in  1835,  which  had  for  its  symbol 
a  silver  triangle,  on  which  was  engraved  "  OINO£  EPI12 
MA0H212."  This  reminded  me  that  there  had  recently 
been  found,  slipped  into  a  book  in  the  Departmental  Library 
of  Zoology,  a  two  page  lithographed  circular,  which  is  evidently 
the  prospectus  of  Forbes'  "  Oineromathic  "  Club,  and  I  think 
it  will  be  of  interest  to  reproduce  in  Forbes'  Centenary  Year 
this  literary  and  scientific  curiosity  of  which  it  is  probable  that 
few,  if  any,  other  copies  survive. 

The  book  in  which  the  circular  was  found  (Forbes' 
"  Literary  Papers,"  London,  1855)  belonged  to  the  late  Mr. 
John  Aikin,  of  Liverpool,  who  spent  the  early  years  of  his  life 
in  the  Isle  of  Man,  and  who  probably  made  friends  with  Forbes 
when  they  were  school  boys  together  there.  This  friendship 
was  continued,  for  in  1838  we  hear  of  Forbes  writing  from 
Edinburgh  to  Mr.  Aikin  and  telling  him  of  the  progress  of  his 
"  Malacologia  Monensis,"  and  it  was  probably  about  this  time 
that  Forbes  sent  him  a  copy  of  the  prospectus  of  the  "  Oinero- 
mathic "  Club,  which  he  may  subsequently  have  slipped  into 
the  "  Literary  Papers,"  where  it  has  been  for  over  60  years. 
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The  highest  aim  of  Man  is  the  discovery  of  the  Truth  ;  the 
search  after  Truth  is  his  noblest  occupation.  It  is  more — it  is 
his  duty.  Every  step  onwards  we  take  in  science  and  learning 
telk  us  how  nearly  all  sciences  are  connected.  There  is  a  deep 
Philosophy  in  that  connexion  yet  undeveloped, — a  Philosophy  of 
the  utmost  moment  to  man — let  us  seek  it  out.  The  world  in 
which  we  live  is  a  beautiful  world,  and  the  Spirit  of  Omnipotence 
has  given  us  many  pleasures  and  blessings — shall  we  not  enjoy 
them  ?  Let  us  refresh  ourselves  with  them  thankfully,  whilst 
we  go  forth  in  our  search  after  Truth.  We  are  all  brethren, 
but  it  has  pleased  God  variously  to  endow  our  minds:  Some 
delight  in  one  thing,  some  in  another :  Some  work  for  the  good 
of  the  body,  and  some  for  the  good  of  the  Soul :  Let  us  all  work 
together  in  fellowship  for  our  mutual  happiness  &  joy :  Wherefore 
should  men  quarrel  one  with  another,  because  they  hold  different 
doctrines  ?  Such  as  seek  for  Truth  in  the  right  spirit  sympathize 
with  each  other,  and  however  opposite  may  be  their  present 
opinions,  revile  them  not,  but  assist  in  their  developement 
knowing  however  wide  apart  may  seem  the  paths  they  have 
chosen,  one  goal  is  aimed  at,  and  if  persevering,  both  must  meet 
in  the  one  wished  for  Temple.  Let  those  who  feel  the  spirit 
to  develope  the  Wisdom  of  Creation,  and  to  act  for  the  good  of 
their  fellow  men,  strong  within  them,  unite  together  in  a  bond 
of  fellowship  each  Brother  devoting  his  time  and  his  energies 
to  the  department  for  which  he  feels  and  proves  himself  best  fitted ; 
communicating  his  knowledge  to  all,  so  that  all  may  benefit 
thereby,  casting  away  selfishness  and  enforcing  precepts  of  Love : 
By  such  means  Glory  shall  accrue  to  his  order,  so  that  it  may 
wax  powerful  in  intellectual  strength,  and  become  a  mental  and 
a  moral  safeguard  to  the  World,  and  a  bond  of  union  among  all 
nations.  Such  is  our  Brotherhood. 

In  the  subjoined  scheme  of  our  objects  and  principles,  the 
Candidate  will  find  what  is  required  of  him :  The  ties  that  bind 
us  together  are  ties  of  Intellect  and  Love.  Should  money  ever  be 
wanted  for  the  promotion  of  the  objects  we  have  in  view,  it  must 
be  contributed  only  as  a  voluntary  gift,  and  not  as  a  price  of 
admission  into  our  Fraternity. 


PROFESSOR  EDWARD  FORBES*  "  OINEROMATHIC  "  CLUB.       97 


Knowledge 

Science 

Literature 

Art 


The  Brotherhood  of 

Friends  of  Truth 

object 

the 

Search  after  Truth 
by  means  of 


Fellowship  ^\ 

Qualities  of  Candidate 
Intelligence     Morality     Philanthrophy 


Difusion  of  the  Spirit  of  the 
Order  through  Society 


Application 


Material 


By  the  appeal 
to  all  intelligent 
and  moral  men  to 
seek  after  Truth 


By  the  propagation 
of  the  Order 


Activity 

The  formation  of  an 
Universal  Institute  divided 
into  Special  Academies  for 
each  of  the  branches  of 
Human  Knowledge 


Works 


Publication 


(  Internal 
I  External 


(1)  The  reading  of  Memoirs  in  the 

Academies 

(2)  The  establishment  of  Journals 

for   the   publication  of   such 
memoirs,  <kc. 


Intellectual 


(1)  Propagation  of  the  Order 
and  its  Principles 

(2)  Study  of  Sciences  in 
the  triple  relation 

(  Observation — Fact 

o/|  Generalization — Law 

(  Application — Art 


Moral 
Fraternisation 


as  extended  to 
all  mankind 


as  developed 
among  the 
Brethren 

i  Physical 
i    '  Intellectual 


98  TRANSACTIONS   LIVERPOOL   BIOLOGICAL   SOCIETY. 

This  book,  among  others,  was  presented  to  the  University 
Library  in  1906  by  the  widow  of  John  Aikin. 

The  first  page  of  the  prospectus  is  headed  by  the  symbol 
of  the  Club,  which  is  here  reproduced. 

In  his  "Memoir  of  Edward  Forbes"  (1861),  Wilson 

says  : — "  We  have  seen what  an  affection  he  [Forbes] 

had  for  a  trinity  of  things,  and  how  lovingly  from  his  earliest 
years  he  used  to  sketch  the  triangular  symbol  of  his  native 
island.  This  fondness  found  ample  field  for  its  exercise  in 
the  organisation  of  the  brotherhood,  which,  doubtless,  owed 
its  form  mainly  to  him.  The  Order  was  founded  on  the  ninth 
day  of  the  third  month,  its  symbol  was  the  triangle,  its  motto 
a  triad,  its  ceremonial  officers  nine,  the  hour  of  its  meeting 
three  minutes  past  nine,  and  so  on." 
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INTRODUCTION. 

In  this  second  year  of  war  we  naturally  find  our  oppor- 
tunities for  Sea-Fisheries  investigation  even  more  restricted, 
and  the  results  which  we  have  to  report  upon  considerably 
less,  than  was  the  case  at  the  end  of  1914.  Consequently 
a  shorter  report  than  usual  will  suffice.  Moreover,  it  is  the 
wish  of  the  Committee — a  view  with  which  we  most  heartily 
concur — that  no  unnecessary  expense  should  be  incurred 
either  in  the  work  itself  or  in  printing  the  results,  and  that 
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the  Annual  Report  should,  for  the  present  year,  be  issued 
in  this  modified  form,  consisting  of  a  brief  statement  of  the 
investigations  undertaken  and  of  such  conclusions  arrived 
at  as  seem  to  be  worthy  of  publication — leaving  the  detailed 
observations,  the  tables  of  statistics,  the  diagrams,  curves 
and  charts  with  which  these  reports  have  usually  been  illus- 
trated to  be  produced  on  some  future  occasion,  when  normal 
conditions  of  scientific  fisheries  work  shall  have  been  resumed 
in  our  District. 


STAFF. 

Our  scientific  staff  has,  naturally,  been  reduced — those 
who  were  of  military  age  having  left  us  for  work  connected 
with  the  war.  Mr.  W.  Riddell  is  enrolled  in  the  corps  of  expert 
bacteriologists  who  are  investigating  the  cases  of  dysentery, 
typhoid  and  other  similar  diseases  of  the  soldiers  in  military 
hospitals.  His  work,  for  the  present,  lies  in  the  Hospital  and 
the  Laboratory  of  the  Liverpool  School  of  Tropical  Diseases, 
but  it  is  probable  that  he  will  eventually  be  sent  abroad. 

Mr.  T.  Hampson,  after  being  rejected  on  medical  grounds, 
enlisted  as  an  hospital  orderly  ;  but  on  account  of  his  know- 
ledge of  laboratory  methods  and  of  the  preparation  of 
bacteriological  media  he  was  transferred  from  Fazakerley 
Hospital  to  the  Pathological  Laboratory  of  the  University 
to  help  in  the  preparation  of  the  necessary  materials  for  the 
investigation  of  the  hospital  cases. 

Both  these  Fisheries  Assistants,  then,  may  be  regarded 
as  having  been  appointed  to  war  work  for  which  their  previous 
training  in  our  laboratory  rendered  them  peculiarly  suitable. 
It  is  eminently  desirable  that  on  the  conclusion  of  the  war 
they  should  both  resume  their  posts  on  the  Committee's 
scientific  staff. 
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The  members  of  the  scientific  staff  who  remain  have  had 
their  time  fully  occupied  with  useful  work,  as  will  be  seen 
from  the  notes  which  follow. 


WORK   AT   THE   PlEL   LABORATORY. 

It  was  found  to  be  impossible,  under  the  existing  war 
conditions  in  the  District,  to  carry  on  any  fish-hatching  at 
Piel  in  the  spring  of  1915,  and  it  will  be  the  same  again  during 
the  present  season  ;  but,  as  Mr.  Scott's  report  given  below 
shows,  the  practical  classes  for  fishermen  were  successfully 
conducted,  in  a  somewhat  modified  form — which  may  or  may 
not  have  to  be  followed,  if  classes  are  held  this  summer, 
according  as  circumstances  may  dictate.  Mr.  Scott  also  gives 
an  interesting  account  of  the  important  sprat  fishery  which 
has  recently  been  developed  in  Morecambe  Bay,  and  which 
seems  to  be  a  notable  example  of  one  of  the  minor  fishing 
industries  which  might  be  promoted  in  our  coastal  waters. 


HERRING  WORK. 

Our  share  in  the  scheme  of  investigation  of  the  races 
of  herrings  found  of?  the  British  coasts,  drawn  up  by  the 
Board  of  Agriculture  and  Fisheries  a  few  years  ago,  has  been 
entrusted  to  Mr.  Riddell,  and  his  reports  upon  his  work  during 
the  years  1913  and  1914  will  be  found  in  our  last  two  Annual 
Reports.  The  investigation  has  become  a  much  more  extensive 
one  than  was  contemplated  at  first,  a  considerable  number 
of  observations  on  each  fish  have  had  to  be  made  and  recorded, 
and  the  amount  of  data  to  be  worked  up  was  large.  A  con- 
siderable amount  of  Mr.  Riddell's  time  during  the  past  year 


102          TRANSACTIONS  LIVERPOOL  BIOLOGICAL  SOCIETY. 

has  been  occupied  in  an  analysis  of  such  data,  both  his  own 
and  those  of  previous  observers,  and  the  results  will  be  found 
in  his  article  on  the  subject  in  this  report.  His  object  has 
been  to  investigate  the  extent  to  which  statistical  methods 
can  be  used  to  compare  the  various  samples  already  examined, 
and  to  estimate  their  reliability.  This  necessitates  the  separate 
examination  and  mathematical  investigation  of  the  data 
obtained  from  each  sample,  and  then  comparison  with  each 
other,  in  many  cases  a  difficult  and  tedious  operation. 

During  the  past  year  war  conditions  and  adverse  weather 
have  prevented  us  from  obtaining  adequate  samples  from 
the  herring  fisheries  in  the  Irish  Sea.  During  the  summer 
fishery  off  the  South  of  the  Isle  of  Man  one  good  sample  was 
obtained  from  Port  Erin,  and  this  was  examined  and  recorded. 
Arrangements  had  been  made  to  procure  further  samples 
from  this  fishery,  but  these  broke  down  on  account  of  the 
unfavourable  weather.  From  the  winter  fishery  off  the  Welsh 
coast  only  two  small  samples  could  be  obtained,  and  these 
have  been  examined,  and  the  records,  along  with  those  of 
previous  years,  are  retained  for  further  consideration  when 
larger  and  more  numerous  samples  can  be  secured. 

Mr.  Riddell's  investigation,  so  far  as  it  goes,  tends  to 
show  that  more  than  one  race  of  herrings  enter  the  Irish  Sea, 
and  that  those  of  the  summer  fishery  off  the  South  of  the 
Isle  of  Man  differ  in  character  from  those  of  the  winter  fishery 
off  the  Welsh  coast.  It  is  clear,  however,  that  the  examination 
of  further  samples  and  additional  research  is  necessary  before 
these  important  herring  questions  can  be  considered  definitely 
settled.  It  must  be  remembered  that  similar  work  is  being 
carried  out  by  other  investigating  authorities  for  the  Board 
of  Agriculture  and  Fisheries,  and  that  all  the  results  obtained, 
both  here  and  elsewhere,  will  have  to  be  collated  and  compared 
in  order  to  work  out  a  complete  and  consistent  history  of 
the  herring  fisheries  in  British  seas  during  the  year. 
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THE  LIVERPOOL  LABORATORY. 

Dr.  Johnstone  has  been  frequently  engaged  on  and  off 
during  the  year,  both  on  the  shore  and  in  the  laboratory,  in 
working  out  important  questions  in  connection  with  schemes 
for  the  improvement  of  mussel  cultivation  on  both  the 
Lancashire  and  the  Welsh  coasts,  as  will  appear  from  his 
article  on  the  subject  in  this  report. 

I  drew  attention  last  year  to  the  opportunity,  which  the 
interruption  of  our  scheme  of  work  at  sea  gave,  for  a  concen- 
tration of  effort  upon  improving  the  fishing  industries  of 
the  inshore  waters  and  the  cultivation  of  sea  beaches.  It 
is  obvious  that  when,  on  the  conclusion  of  war,  many  men 
return  to  work  along  our  coasts  any  increase  of  employment 
in  connection  with  local  fishing  industries  will  be  of  direct 
and  immediate  advantage  to  the  country.  The  extension 
of  shell-fish  cultivation,  for  example,  will  not  only  add  to 
employment,  but  will  increase  the  food  and  bait  supplies  of 
the  country,  and  may  lead  to  the  establishment  of  permanent 
industries  of  a  profitable  nature.  Much  of  the  Committee's 
scientific  work  in  the  past  has  been  directed  towards  this 
useful  end,  and  they  may  fairly  be  said  to  have  established 
a  claim  to  be  regarded  as  pioneers  in  both  the  cultivation 
and  the  purification  of  their  shell-fish  beds. 

Although  the  Development  Commission  did  not  see 
fit  to  give  a  grant  towards  the  scheme  for  transplanting, 
fattening  and  then  purifying  mussels,  which  we  laid  before 
them  last  year,  our  Committee  has  continued  the  work  so 
far  as  opportunity  offered,  and  much  of  Dr.  Johnstone's  time 
throughout  the  year  has  been  occupied  in  the  necessary 
topographical  inspections  of  the  shell-fish  beds  and  the  sub- 
sequent bacteriological  investigations  in  the  laboratory. 
It  is  to  be  hoped  that  nothing  will  be  allowed  to  interfere 
with  this  work,  and  that  whenever  possible  further  funds 
will  be  devoted  towards  the  promotion  of  schemes  which 
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seem  desirable,  if  not  indeed  essential,  from  the  point  of  view 
of  the  industry  and  of  public  health  alike. 

The  two  remaining  articles  by  Dr.  Johnstone,  dealing 
with  plaice  fisheries  in  the  district,  scarcely  require  further 
remark.  They  are  both  the  natural  continuation  of  work 
upon  the  sizes  of  the  plaice  in  various  parts  of  the  district 
and  at  different  times,  and  their  migrations  in  relation  to 
the  recognised  fisheries,  which  Dr.  Johnstone  has  been  engaged 
upon  for  some  years,  and  upon  which  he  has  written  in  previous 
reports.  I  am  sure  that  this  work  when  carefully  examined 
will  commend  itself  to  the  Committee  as  giving  the  kind  of 
data  upon  which  fisheries  regulations  and  bye-laws  of  the 
future  must  be  based. 

PLANKTON  INVESTIGATIONS. 

Although  the  collection  of  plankton  samples  from  the 
open  sea  has  ceased,  I  have  found  it  possible  by  obtaining 
a  special  permit  from  the  authorities  to  have  weekly  samples 
taken  across  the  mouth  of  Port  Erin  Bay  at  the  South  end 
of  the  Isle  of  Man,  which  is  about  as  central  and  typical  a 
locality  as  one  could  find  in  the  Irish  Sea.  With  the  expert 
help  of  Mr.  A.  Scott  and  Miss  H.  M.  Lewis  these  samples  have 
been  worked  up  in  detail  and  we  have  in  hand  all  the  data 
for  a  further  instalment  of  our  "  Intensive  Study  "  of  the 
microscopic  life  of  the  surface  of  the  sea  throughout  the  year. 
We  give  a  summary  of  this  in  a  short  article  at  p.  133. 

NEED  OF  SCIENTIFIC  INVESTIGATION. 

Many  "  Advisory  "  and  other  Committees,  both  in  con- 
nection with  the  great  Government  Departments  and  also 
amongst  the  leading  Scientific  Societies,  are  at  present  engaged 
in  deliberations  in  connection  with  the  great  war  we  are  waging, 
not  merely  with  immediate  and  pressing  war  problems,  but 
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also  with  the  later  and  possibly  equally  important  after-war 
questions,  which  are  bound  to  arise  affecting  the  prosperity 
of  the  country  and  the  maintenance  of  the  Empire. 

A  large  number  of  these  matters  turn  upon  the  application 
of  scientific  knowledge  and  scientific  methods  to  various 
industries,  and  amongst  these  not  the  least  important  are 
those  concerned  with  the  allied  subjects  of  agriculture  and 
aquiculture  or  the  scientific  regulation  and  cultivation  of  our 
fisheries.  I  think  it  appropriate  under  these  circumstances 
to  add  a  few  words  on  the  general  question  of  Science  in  relation 
to  the  industries,  a  matter  on  which  it  is  of  vital  importance 
that  all  thinking  men  should  be  correctly  informed  and  prepared 
to  act  with  wisdom  and  promptitude.  National  efficiency, 
both  in  war  and  in  commerce,  depends  to  a  very  great  extent 
upon  the  degree  in  which  scientific  results  and  methods  are 
appreciated  by  the  people  and  scientific  investigation  is 
promoted  by  the  Government  and  other  Administrative 
Authorities. 

It  is,  I  believe,  recognised  that,  with  the  view  of  making 
a  rapid  recovery  from  the  effects  of  the  war,  amongst  other 
things  agriculture  and  allied  industries  must  be  promoted, 
and  it  must  be  seen  to  that  no  good  land  is  wasted,  that 
none  is  applied  to  the  wrong  purpose,  and  that  the  most 
suitable  treatment  to  ensure  the  best  results  is  given  to  each 
area.  In  fact,  a  more  systematic  study  and  more  extensive 
cultivation  of  the  land  must  be  made.  In  quite  a  similar  way 
and  for  no  less  important  reasons  the  harvest  of  the  sea  must 
be  promoted,  the  fisheries  must  be  continuously  investigated, 
and  such  cultivation  as  is  possible  must  be  applied  to  our 
barren  shores.  All  this  is  one  of  the  natural  applications  of 
Biological  Science. 

Dr.  C.  W.  Eliot  (Past  President  of  Harvard  University), 
in  his  recent  Presidential  Address  to  the  American  Association 
for  the  Advancement  of  Science,  entitled  "  The  Fruits,  Prospects 
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and  Lessons  of  Recent  Biological  Research,"  in  considering 
how  advance  of  knowledge  has  promoted  the  general  welfare 
of  mankind,  comes  to  the  conclusion  that  "  during  the  past 
one  hundred  years  it  is  biological  science  that  has  contributed 
most  to  the  well-being  of  humanity."  This  is  the  thesis  which 
he  develops  in  detail  with  many  illustrative  examples  showing 
the  application  of  purely  scientific  biological  investigations 
in  the  laboratory  to  agriculture  and  allied  industries,  protection 
from  animal  pests,  public  health,  preventive  medicine,  sanita- 
tion and  bacteriology,  the  increase,  improvement  and 
preservation  of  food  matters,  and  their  protection  from 
infection.  "  All  these  activities  have  been  completely  dependent 
on  applied  biology  for  their  methods  and  processes,  and  have 
changed  and  developed  rapidly  with  the  progress  of  that 
science.  Taken  together  they  constitute  an  immense  con- 
tribution to  human  welfare,  present  and  future." 

Finally,  Dr.  Eliot  makes  an  important  point  in  his 
statement  that  "  the  long  series  of  successful  applications 
of  biological  science  illustrates  strikingly  the  impossibility  of 
drawing  any  fixed  line  of  demarcation  between  pure  and 
applied  science,  or  of  establishing  an  invariable  precedence 
for  one  over  the  other.  Sometimes  an  application  is  suddenly 
made  of  one  fragment  of  an  accumulation  of  knowledge  which 
men  of  science  have  made  without  thought  of  any  application, 
and  sometimes  a  bit  of  knowledge  successfully  applied 
stimulates  purely  scientific  workers  to  enter  and  ransack 
the  field  from  which  the  bit  came  .  .  No  mortal  can 
lell  how  soon  a  practical  application  of  a  scientific  truth, 
which  seems  pure  in  the  sense  that  it  has  no  present  application, 
may  be  discovered ;  and  on  the  other  hand  innumerable 
applications  are  nowadays  made  of  truths  which  five  years 
or  fifty  years  ago  seemed  as  remote  from  all  human  interests 
as  the  observation  attributed  to  Thales,  that  a  bit  of  amber 
rubbed  with  a  piece  of  silk  would  repel  pith  balls  suspended 
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by  fine  filaments.  Yet  all  magnetism  and  electricity  with 
their  infinite  applications  hark  back  to  this  experiment  by 
Thales  and  to  Galvani's  observation  of  twitchings  in  a  frog's 


In  the  great  industrial  conflict  which  certainly  lies  before 
us  in  the  years  to  come,  this  country  will  need  all  the  help 
it  can  get  from  University  laboratories  and  other  investigating 
institutions.  Success  will  depend  largely  upon  continuous 
scientific  investigation  and  the  best  industrial  application 
of  the  results  obtained.  We  know  that  our  enemies  are  already 
making  preparations  for  this.  It  will  be  fatal  if  we  are  less 
prepared  and  less  fully  equipped  for  the  work.  Science  alone 
can  prevail  against  science.  It  is  reported  that  a  whole  army 
of  scientific  men  have  been  set  to  work  in  Germany  to  make 
an  exhaustive  study  of  the  industrial  problems  which  are 
sure  to  arise  after  the  war,  with  a  view  to  adopting  measures 
to  ward  off  the  dangers  which  may  menace  the  Central  Powers. 
The  industrial  difficulties  and  dangers  menace  us  equally, 
and  it  would  be  a  suicidal  policy  to  do  anything  that  might 
reduce  our  scientific  efficiency  in  the  coming  period  of  stress. 
As  Sir  William  Mather  has  recently  said,  "  this  is  not  the 
time  to  close  the  doors  of  laboratories  in  which  provision 
is  being  made  for  the  industrial  conflict  which  must  come 
after  victory  has  been  achieved.  Provision  for  the  present 
and  preparation  for  the  future  can  be  secured  only  by  the 
strenuous  efforts  of  those  engaged  in  teaching  and  research 
at  our  highest  centres  of  learning  ;  and  it  is  to  their  continuous 
work  that  we  must  look  both  to  replace  the  wastage  of  promising 
investigators  caused  by  the  war  and  to  train  original  workers 
upon  whom  we  must  rely  for  further  advance.  Any  step 
which  would  tend  to  diminish  the  efficiency,  or  increase  the 
financial  difficulties  of  our  University  institutions  would 
seriously,  if  not  irreparably,  jeopardise  the  future  welfare 
of  this  country." 
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After  the  war  it  will  for  some  time  probably  be  just  as 
important  as  it  is  now  to  prevent  money  from  leaving  the 
country,  and  with  a  view  to  this,  as  well  as  for  other  reasons 
which  I  have  stated,  it  is  obviously  desirable  that  all  home 
productivity  should  be  organised  and  stimulated.  The  minor 
fishing  industries  along  our  shores  naturally  occur  as  one  step 
in  this  direction,  and  the  economic  need  for  developing  these 
deserving  industries  seems  urgent. 

I  desire,  therefore,  to  submit  to  the  Committee  the 
paramount  importance,  in  the  future  interests  of  their  fishing 
industries,  of  (1)  maintaining  for  the  present  all  such  scientific 
investigations  as  may  still  be  in  any  way  possible,  and 
(2)  restoring  as  soon  as  may  be  practicable  after  the  conclusion 
of  the  war  the  scientific  staff  and  equipment  to  its  former 
strength  and  state  of  efficiency,  in  order  that  the  Committee's 
programme  of  investigations  at  sea,  under  the  Development 
Commission,  and  other  important  work  that  was  in  progress 
may  be  resumed  before  the  break  in  the  continuity  of  the 
observations  becomes  too  serious. 

W.   A.   HERDMAN. 

FISHERIES  LABORATORY, 

UNIVERSITY  OF  LIVERPOOL, 
February  llth,  1916. 
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REPORT  ON  THE  WORK  AT  PIEL. 
BY  ANDREW  SCOTT,  A.L.S. 

I.    CLASSES  AT  PIEL. 

The  classes  for  fishermen  in  the  spring  of  1915  required 
some  re-arrangement  because  of  war  conditions  in  the  district. 
Most  of  the  younger  deep-sea  fishermen  sailing  out  of  Fleetwood 
had  joined  the  steam  trawlers  taken  over  by  the  Admiralty 
for  mine-sweeping  and  other  naval  duties.  It  was  therefore 
only  necessary  to  arrange  for  one  class  in  the  combined  course 
of  Biology  and  Navigation,  and  this  was  extended  to  three 
weeks,  beginning  on  March  8th.  The  results  were  quite  satis- 
factory, and  there  is  no  doubt  that  the  extra  week  proved 
most  useful.  The  second  class,  for  in-shore  fishermen,  was 
attended  by  fifteen  men,  including  four  sent  by  the  County 
Borough  of  Southport  and  two  by  the  County  Borough  of 
Blackpool.  It  was  held  during  the  period  26th  April  to  7th  May. 

The  Barrow  Education  Committee  organised  an  evening 
class  in  Nature  Study  for  school  teachers,  on  similar  lines 
to  those  held  in  former  years.  Ten  teachers  from  the  schools 
at  Barrow  attended  and  went  through  the  elementary  course 
of  instruction. 

Mr.  A.  Harris,  H.M.  Inspector  of  Evening  Schools,  Dr. 
Jenkins,  Sea-Fisheries  Superintendent,  and  Mr.  A.  Hawcridge, 
Director  of  Education,  Barrow-in-Furness,  visited  the  classes 
and  inspected  the  work  that  was  going  on. 

Here  follow  the  names  of  the  fishermen  students  who 
attended  the  two  classes  in  1915  : — 

(1)  Biology  and  Navigation — Ernest  Batten,  Joseph 
Cromwell,  James  Leadbetter,  Nicholas  Leadbetter,  Lawrence 
Moss,  Alexander  Pilkington,  Edward  Salthouse,  Jeffrey 
Tomlinson,  William  Wade,  Jeffrey  Wright,  Peter  Wright  (1), 
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Peter  Wright  (2),  Peter  Wright  (3)  and  William  Wright  (all 
of  Fleetwood). 

(2)  Biology  only — Frederick  Davies,  Bolton-le-Sands ; 
Walter  Mayor,  Morecambe  ;  Wilfred  Woodhouse,  Morecambe  ; 
W.  Butler,  Junior,  Glasson  Dock ;  Stephen  Ainsworth, 
Fleetwood ;  Jeffrey  Ball,  Fleetwood ;  Jeffrey  Wright, 
Fleetwood  ;  J.  R.  Wright,  Fleetwood  ;  F.  Cartmell,  Blackpool ; 
J.  T.  Fish,  Blackpool ;  Jeffrey  Abram  (Bens),  Banks ; 
Daniel  Robinson,  Southport ;  Peter  Sutton,  Southport ; 
William  Wright  (Bulliver),  Southport ;  and  William  Wright, 
Southport. 

II.    FISH  HATCHING. 

The  military  restrictions  in  connection  with  the  defence 
of  Barrow,  and  the  possibility  that  the  tank-house  might 
be  required,  for  housing  men  engaged  in  outpost  duty  at  Piel, 
interrupted  the  hatching  operations  in  1915.  The  men  are 
now  accommodated  in  huts,  but  the  restrictions  still  prevail. 
Fishing  is  prohibited  in  Barrow  Channel,  but  it  would  have 
been  possible  to  collect  adult  flounders  in  the  estuary  of  the 
Lune  or  the  Wyre  for  hatching  work  in  1916.  There  is  always 
a  certain  amount  of  danger  in  bringing  live  fish  across  the 
bay  in  the  cutter  in  winter,  and  as  it  would  also  have  been 
difficult  to  furnish  the  authorities  with  the  precise  time  of 
arrival,  the  landings  might  have  been  delayed.  For  these 
reasons  it  was  decided  that  it  was  inadvisable  to  resume 
hatching  operations  while  the  present  restrictions  remain 
in  force. 

III.    DISTRIBUTION  OF  FISH  EGGS  IN  THE  PLANKTON. 

The  only  sources  of  information  relating  to  the  distribution 
of  fish  eggs  in  the  central  area  were  again  this  year  the  samples 
of  plankton  collected  bi-weekly  in  Port  Erin  Bay  and  im- 
mediately outside.  There  is  little  to  add  to  the  report  published 
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last  year  that  cannot  wait  till  a  more  convenient  time.  It  may 
be  worth  while  to  note,  however,  that  the  duration  of  the 
spawning  period  of  any  species  of  fish  can  be  fixed  only  approxi- 
mately from  the  occurrence  of  the  eggs  in  the  plankton. 
Actual  periodic  examination  of  the  condition  of  the  fish  should 
also  be  made  when  possible.  'For  instance,  our  records  from 
examination  of  plankton  samples  show  that  sprat  eggs  may 
be  found  floating  at  the  surface  of  the  sea  from  the  beginning 
of  April  till  the  middle  of  September  ;  while  the  examination 
of  the  sprats  collected  during  the  winter  fishery  at  Morecambe 
indicates  that  spawning  may  take  place  very  early  in  March. 

IV.    MORECAMBE  WINTER  SPRAT  FISHERY. 

This  fishery  is  practically  a  new  one.  It  is  only  some 
three  years  since  its  value  began  to  be  recognised  by  the 
fishermen  and  its  development  attempted.  Much  of  the  credit 
for  the  success  that  has  attended  its  gradual  progress  is  due 
to  one  of  the  local  men.  He  was  amongst  the  first  to  recognise 
the  economic  possibilities  and  visited  various  sprat  and 
"  whitebait "  fisheries  on  the  east  coast  in  order  to  inspect 
the  methods  employed  in  catching  the  fish.  He  also  endeavoured 
to  find  markets  for  the  Morecambe  fish  and  was  fairly  successful. 
Previous  to  the  war  good  prices  were  obtained  for  the  smaller 
fish  which  were  sold  in  the  London  markets  as  "  whitebait," 
but  this  trade  has  almost  ceased  now.  There  is  a  pretty  steady 
demand  for  the  fish  elsewhere  in  connection  with  preserving 
purposes,  and  considerable  quantities  of  fresh  Morecambe 
sprats  are  sold  in  the  fishmongers'  shops  in  Lancashire.  The 
number  of  half-decked  and  open  fishing  boats  engaged 
in  the  fishery  is  gradually  increasing.  As  many  as  twenty-five 
boats  were  employed  in  one  day  during  the  maximum  of 
the  1915-16  fishery. 

The   method   introduced   into   Morecambe   for   catching 
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sprats  is  the  "  stow-net "  in  a  slightly  modified  form  to  suit 
the  conditions  prevailing  in  the  adjacent  channels.  The  net 
is  built  up  of  two  kinds  of  netting.  The  front  portion  is  ordinary 
fish  trawl  net  of  six  inch  mesh;  the  remainder  is  shrimp 
net,  with  the  usual  mesh  employed  in  the  district.  This  com- 
bined net  is  attached  by  the  ftack  and  front  to  two  strong 
hardwood  beams.  The  beams  separate  when  the  net  is  lowered 
into  the  sea  and  form  a  rectangular  opening.  The  beams 
are  provided  with  bridles,  and  these  are  shackled  into  a  swivel 
from  which  a  chain  or  strong  rope  leads  to  a  fairly  heavy 
anchor.  The  net  is  thus  anchored  to  the  bottom  when  in  use. 
Another  chain  between  the  boat  and  the  swivel  keeps  the 
boat  anchored  to  the  fishing  gear.  The  upper  beam  is  furnished 
with  ropes  at  each  end,  by  means  of  which  the  fishermen 
regulate  the  depth  the  gear  is  lowered  to  when  at  work. 
A  rope  is  attached  to  the  middle  of  the  lower  beam,  passes 
through  a  thimble  in  the  upper  one,  and  thence  to  the  boat. 
This  enables  the  fishermen  to  shut  the  net  when  it  has  filled 
with  fish,  by  pulling  the  lower  beam  up  close  to  the  top  one. 
The  lower  hardwood  beam  in  most  of  the  "  stow-nets  "  used 
at  Morecambe  is  replaced  by  one  of  iron.  This  is  usually  a 
long  piece  of  galvanised  piping  about  three  inches  in  diameter, 
which  the  men  buy  from  the  ship-breakers  at  the  old  harbour. 
It  is  not  an  uncommon  occurrence  to  see  a  boat  returning 
with  the  lower  beam  broken  by  the  strain  from  the  weight 
of  the  catch,  when  it  has  not  been  replaced  by  an  iron  one. 
A  "  sweep-rope  "  is  fixed  to  the  beginning  of  the  tail  of  the 
net  to  draw  it  alongside  the  boat.  Further  back,  about  a  yard 
from  the  tail-end,  another  rope  known  as  a  "  bowler "  is 
placed,  and  is  used  to  constrict  the  net  when  the  catch  is 
being  removed. 

When  the  fishermen  arrive  at  the  place  where  the  fish 
are  expected,  the  net  anchor  is  dropped  overboard,  then 
the  anchoring  chain  between  the  boat  and  bridles  ;  the  beams 
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follow,  and  finally  the  net  is  cleared  away.  As  the  shrimp- 
net  part  fills  with  living  fish  it  rises  to  the  surface.  A  close 
watch  is  kept  on  the  rising  net,  and  as  soon  as  it  is  full  the 
lower  beam  is  hauled  up  against  the  top  one.  If  the  critical 
point  is  missed  and  the  fish  allowed  to  die  the  net  sinks  to  the 
bottom.  It  may  then  be  impossible  to  close  the  entrance, 
and  the  weight  of  the  fish,  combined  with  the  force  of  the 
current,  is  so  great  that  the  net  may  burst,  be  torn  out  of 
the  beams,  or  the  whole  gear  broken  away  from  the  anchor 
drag  chain.  When  such  accidents  happen  most  of  the  catch 
is  generally  lost.  If  the  fishermen  are  successful  in  closing 
the  opening,  they  heave  up  the  chain  between  the  boat  and 
the  swivel  to  get  hold  of  the  bridles  so  that  the  beams  may 
be  drawn  alongside.  The  tail-end  is  then  brought  to  the  side 
of  the  boat  with  the  "  sweep-rope  "  and  the  catch  removed. 
The  "  bowler  "  is  used  when  the  fish  are  to  be  packed  into 
boxes  or  bags  aboard  the  boat.  The  part  enclosed  by  the 
"  bowler  "  contains  enough  fish  to  fill  two  half -hundredweight 
boxes.  The  "  bowler  "  is  slackened  and  the  space  allowed 
to  fill  with  fish  from  the  upper  part  of  the  tail-end.  It  is  then 
tightened,  the  end  unlaced  and  the  fish  run  into  the  boxes. 
This  operation  is  repeated  again  and  again  until  the  whole 
of  the  catch  is  dealt  with.  When  the  entire  catch  has  been 
removed,  the  tail-end  is  laced  up  and  slackened  away,  the 
beams  and  bridles  dropped  to  the  bottom,  and  the  anchor- 
chain  paid  out.  The  fishing  is  practically  continuous  so  long 
as  the  tide  and  other  conditions  remain  favourable.  The 
accumulated  catch  is  sent  ashore  from  time  to  time  in  a  small 
boat. 

The  winter  sprat  fishery  generally  begins  in  October, 
and  may  last  till  the  beginning  of  March.  Considerable 
quantities  are  captured  in  the  baulks  in  the  estuary  of  the 
Lune  and  at  the  west  end  of  Morecambe,  occasionally  even 
in  September.  The  invasion  apparently  sets  in  from  the  south 
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in  the  autumn,  and  soon  extends  over  the  whole  of  Morecambe 
Bay.  The  fish  become  abundant  off  Morecambe  towards 
the  end  of  November.  They  may  then  even  extend  as  far 
as  Grange  and  across  the  Bay  to  Roosebeck.  Sprats  are  some- 
times caught  in  the  ordinary  stake-nets  at  the  latter  place 
when  the  meshes  become  choked  with  debris.  There  is  usually 
a  decided  indication  of  a  slackening  in  the  invasion  in  the 
Morecambe  area  by  the  end  of  January  ;  after  that,  the 
catches  become  smaller  and  the  fishery  diminishes  in  value. 
Twenty-five  boats  were  engaged  during  the  maximum  period 
of  the  fishery  in  1915-16,  and  fully  seventy  tons  were  landed 
in  one  day.  The  money  value  of  this  catch  to  the  fishermen 
was  fully  £300.  Fresh  Morecambe  sprats  were  sold  in  the 
fishmortgers'  shops  in  Barrow  at  the  same  time  at  threepence 
per  pound,  A  ton  of  sprats  contains  on  an  average  130,000  fish. 
In  the  course  of  a  day's  fishing,  therefore,  the  huge  total  of 
nine  millions  of  sprats  may  be  captured  without  making 
any  appreciable  difference  to  the  fishery.  The  sprats  are 
usually  sent  to  the  market  just  as  they  are  captured.  If  there 
is  a  large  proportion  of  the  smaller  sizes,  the  catches  are 
riddled,  and  the  small  fish  that  pass  through  are  sold  as 
"  whitebait." 

Samples  of  the  catches  were  sent  for  examination  by 
Mr.  Edward  Gardner,  the  Assistant  Bailiff  at  Morecambe. 
Personal  visits  were  also  made  from  time  to  time  and  samples 
collected.  The  sprats  caught  during  the  season  1915-16  were 
all  in  fine  condition.  No  trace  of  recognisable  food  was  observed 
in  the  stomachs  of  any  of  the  samples  collected.  The  whole 
of  the  alimentary  canal  was  usually  filled  with  fatty  mucus 
only.  The  stomachs  of  the  few  young  herring  taken  along 
with  the  sprats  generally  contained  small  Mysis.  The  weights 
of  the  individual  fish  were  also  determined,  and  it  was  found 
that  an  appreciable  difference  sometimes  existed  between 
fish  of  exactly  the  same  length.  This  difference  occasionally 
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amounted  to  as  much  as  a  gramme  and  a  half.  Adult  sprats, 
measuring  134  millimetres,  practically  5£  inches  in  length, 
with  the  reproductive  organs  half  developed,  usually  weighed 
19'2  grammes.  Young  sprats,  half  that  length,  only  weighed 
1*6  grammes,  or  just  one-twelfth  the  weight  of  the  adult. 
Estimations  of  the  oil  in  the  muscle  substance  were  made 
by  means  of  the  Soxhlet  apparatus,  in  the  manner  described 
by  Dr.  Johnstone  on  page  154  of  the  report  for  1914.  The 
percentage  of  oil  amounted  to  9'4,  which  is  practically  the 
same  as  that  found  in  immature  sprats  collected  in  May. 

The  sprat  fishery  exhibits  a  noticeable  falling  off  in 
February,  and  by  March  it  may  become  so  unproductive 
that  it  is  abandoned.  It  occasionally  happens,  however, 
that  the  invasion  of  the  adults  is  followed  by  wandering 
shoals  of  young  clupeoids,  chiefly  herring,  which  may  prolong 
the  fishery  in  a  spasmodic  manner  throughout  the  summer. 
The  departure  of  the  adults  is  due  to  natural  causes.  The 
reproductive  organs  are  advancing  towards  maturity  when 
the  fish  arrive  in  the  area.  Development  continues — and  by 
the  end  of  February  the  organs  are  practically  mature.  The 
fish  then  begin  to  leave  the  shallow  coastal  areas  to  spawn 
in  the  deeper  water  where  the  specific  gravity  is  higher. 
The  eggs  are  buoyant  and  float  near  the  surface.  The  larva 
hatches  in  less  than  a  week.  If  the  spawning  took  place  close 
in-shore,  where  the  adults  pass  the  winter,  many  of  the  eggs 
and  larvae  would  be  destroyed  through  stranding. 

During  the  winter  fishery  practically  the  whole  of  the 
clupeoids  sent  to  the  market  are  sprats,  from  half  grown  to 
the  adult  state.  The  range  in  length  varies  from  2|  to  5|  inches. 
Young  herring  are  seldom  met  with  in  the  winter  catches. 
None  of  the  samples  contained  more  than  2  per  cent.  These 
proportions  are  quite  reversed  in  the  summer.  A  sample 
taken  at  the  end  of  July  contained  86  per  cent,  of  young 
herring,  and  only  14  per  cent,  of  young  sprats.  The  herring 
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measured  2|  to  4|  inches  in  length.  None  of  the  sprats  exceeded 
3  inches.  The  summer  clupeoids  may  be  regarded  as  typical 
"  whitebait."  The  detailed  results  of  the  examination  of 
samples  will  be  published  in  tabular  form  later  on,  and,  in 
the  meantime,  it  is  proposed  to  continue  the  investigation. 
Sprat  and  "  whitebait "  fishing  is  not  provided  for  in 
the  present  bye-laws  of  the  Committee,  and  there  is  no  fixed 
close  time.  Permits  are  required  to  use  the  small-meshed 
nets  necessary  to  catch  the  fish.  These  are  readily  granted 
by  Dr.  Jenkins,  the  Superintendent,  and  the  conditions 
attached  to  theii  use  are  loyally  observed  by  the  fishermen. 

V.    "  WHITEBAIT  "  COLLECTED  IN  MENAI  STRAIT. 

This  investigation  has  been  continued.  The  material 
has  not  been  so  plentiful  as  in  1914,  nor  could  it  be  collected 
from  the  weir  at  Gorad  Coch.  The  samples  sent  by  Capt. 
R.  Jones,  during  1915,  were  taken  in  the  Penrhyn  fish  weir, 
near  Bangor.  The  fish  are  probably  quite  representative 
of  the  shoals  which  reach  the  Swillies,  and  would  eventually 
be  caught  at  Gorad  Coch.  There  is  nothing  of  importance 
to  add  to  last  year's  report.  The  tables  giving  the  detailed 
measurements  of  the  samples  will  be  published  later. 

VI.    SEA  GULLS  AND  SHELL-FISH  BEDS. 

One  hears  complaints  from  cockle  fishers  from  time 
to  time  concerning  the  amount  of  damage  done  to  shell-fish 
beds  by  the  ravages  of  sea  gulls.  The  stake-net  fishermen 
also  say  that  their  fish  are  frequently  carried  away  by  these 
birds,  or  are  so  much  damaged  that  they  are  unfit  for  the 
market.  One  of  the  former  lighthouse  keepers  at  Walney 
tells  me  that  it  is  quite  a  common  sight,  during  the  breeding 
season,  to  see  the  parent  gulls  returning  from  the  direction 
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of  Ulverston  Channel  to  the  galleries  at  the  south  end  of  Walney, 
with  silvery  fish  projecting  from  their  beaks.  It  is  urged 
by  the  fishermen  that  the  protection  afforded  under  the  Wild 
Birds  Protection  Acts  has  led  to  an  enormous  increase  in  the 
number  of  gulls.  This  has  been  accompanied  by  a  corresponding 
increase  in  the  destruction  of  shell-fish  and  of  fish.  There 
is  no  doubt  that  the  gulls  do  eat  the  cockles,  as  the  excreta 
and  regurgitated  stomach  contents  seen  in  the  vicinity  of 
a  cockle  bed  prove.  Partially  destroyed  fish  can  often  be 
seen  in  the  stake-nets  one  visits  at  low-water.  It  is  quite 
possible  that  the  fishermen  are  a  good  deal  to  blame  by  leaving 
unwanted  cockles  lying  on  the  sand,  and  by  not  fishing  the 
stake-nets  as  soon  as  they  dry. 

In  the  Quarterly  Report  to  the  Scientific  Sub-Committee 
last  November  (see  below,  p.  157),  I  gave  some  evidence  as 
to  the  shell-fish  food  of  the  gulls  on  the  Bardsea  Mussel  bed 
and  the  Flookburgh  Cockle  bed. 

It  must  be  remembered,  however,  that  sea  gulls  are  not 
entirely  useless  to  man  in  general,  although  the  fishermen 
may  regard  them  as  enemies.  Their  wholesale  destruction, 
which  is  frequently  suggested  by  the  in-shore  fishermen, 
might  easily  end  in  the  cure  being  worse  than  the  disease. 
It  is  intended  to  follow  up  this  investigation,  which  can  only 
be  done  during  settled  and  fairly  dry  weather,  to  see  how 
far  the  decreased  activity  in  fishing  the  cockle  beds  diminishes 
the  destructive  action  of  the  gulls. 
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LEGAL  SIZE-LIMITS  FOR  PLAICE. 
BY  JAMES  JOHNSTONE,  D.Sc. 

A  considerable  amount  of  work  has  been  done  lately 
on  the  plaice  statistics  collected  for  the  Committee  during 
the  last  seven  years,  since  it  is  probable  that  these  data 
may  be  required  in  the  future,  in  connection  with  proposals 
for  legal  size-limits  for  plaice. 

In  September,  1913,  the  International  Council  for  Fishery 
Investigations  recommended  to  the  various  Governments 
interested  in  the  North  Sea  Fisheries  that  legal  size-limits 
for  plaice  should  be  established.  The  sizes  proposed  were  :— 
1st  October  to  31st  March,  20  centimetres  (about  7|  inches) ; 
1st  April  to  30th  September,  22  centimetres  (about  8|  inches). 
It  was  recommended  that  it  be  illegal  to  land  plaice  which 
were  smaller  than  these  sizes. 

The  decision  of  the  International  Council  was  taken 
as  the  result  of  the  consideration  of  experimental  fishing 
operations  carried  out  in  the  North  Sea,  and  of  very  extensive 
measurements  of  plaice  landed  at  English  ports  by  steam 
and  sailing  trawlers. 

Inasmuch  as  these  figures  are  of  little  assistance  in 
estimating  the  effect  of  a  possible  extension  of  legal  size-limits 
for  plaice  to  the  West  Coast,  it  was  suggested  by  an  Inspector 
of  the  Board  of  Agriculture  and  Fisheries  that  the  data  obtained 
by  the  Lancashire  and  Western  Sea  Fisheries  Committee 
be  examined. 

The  data  available. 

Very  numerous  hauls  with  trawl-nets  of  6  in.  mesh  have 
been  made  by  the  steamer  and  sailing  vessels  of  the  Committee. 
On  all  occasions  the  plaice  caught  were  measured,  and  numerous 
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samples  were  sent  to  the  Laboratory  at  Liverpool.     There 
are  large  series  of  figures  for  the  following  localities  : — 

(1)  The  summer  plaice  fishery  in  the  Irish  Sea  between 
Blackpool  and  Liverpool  Bar. 

(2)  The  summer  and  autumn  plaice  fishery  outside  the 
Mersey  Estuary. 

(3)  The  winter  plaice  fishery  off  the  coast  of  Carnarvon 
and  Anglesey. 

There  are  also  data  for  Morecambe  Bay,  Carnarvon  and 
Cardigan  Bays.  These  series  are  not  so  complete  as  those 
mentioned  above,  but  are  probably  sufficient. 

Other  data  necessary. 

Comparatively  little  is  known  as  to  the  catching  power 
of  stake  nets.  The  method  is  of  importance  in  the  Lancashire 
and  Western  District,  and  statistics  should  be  obtained. 

The  results  now  available. 

Tables  and  charts  have  been  prepared  with  respect  to 
the  three  fisheries  noted  above.  The  crude  statistics  have 
been  corrected  and  theoretical  series  (most  probable  series) 
have  been  calculated  to  replace  the  observation  series.  From 
these  corrected  statistics  and  charts  the  percentages  of  plaice 
over  and  less  than  any  specified  size,  or  between  any  two 
specified  sizes,  can  be  obtained,  and  the  probable  errors  to 
be  expected  in  applying  such  data  for  the  purpose  of  legislation 
can  also  be  obtained. 

The  effect   of  the  International  proposals  on  Lancashire 
Fisheries. 

If  these  were  adopted  it  would  become  illegal  to  land 
plaice  less  than  20  centimetres  (7|  inches)  during  the  winter 
months.  This  would  lead  to  the  rejection  (returning  to  the 
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sea  after  capture)  of  a  proportion  of  all  catches  varying  from 
70  to  21  per  cent,  according  to  the  fishing  ground  and  month. 

It  would  also  be  illegal  to  land  plaice  of  less  than  22 
centimetres  (about  8|  inches)  during  the  summer  months. 
This  would  mean  the  rejection  of  from  90  to  51  per  cent, 
of  the  plaice  caught  according  to  the  ground  and  month. 

The  averages  for  the  whole  seasons  would  be  : — 

Under  20  cms.      Under  22  cms. 

Blackpool  to  Liverpool  Bar         ...        42%  65% 

Off  Mersey  Estuary          52%  77% 

Beaumaris  and  Red  Wharf  Bays          36%  50% 

These  are  the  effects  to  be  expected  from  the  imposition 
of  the  International  plaice-limits  on  the  Lancashire  and  Welsh 
trawl-fisheries. 

The  stake-net  fisheries  would  be  even  more  adversely 
affected,  and  the  whiter  size-limits  would  probably  destroy 
these  fisheries  altogether.  It  would  often  be  quite  impractic- 
able to  return  undersized  plaice  caught  in  a  stake-net  alive 
to  the  sea,  so  that  the  total  abolition  of  these  methods  of 
fishing  would  probably  be  preferable  to  the  imposition  of 
size-limits  of  20  and  22  centimetres. 

In  considering  the  effect  of  legal  size-limits  upon  the 
Irish  Sea  plaice  fisheries  as  a  whole,  the  migrations  of  the 
fish  in  local  waters  must  be  considered.  This  is  discussed 
in  the  following  article. 
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THE  MIGRATIONS  OF  PLAICE  IN  THE  IRISH  SEA. 
BY  JAMES  JOHNSTONE,  D.Sc. 

The  last  plaice-marking  experiments  were  made  at  the 
end  of  1913,  so  that  all  the  recaptures  likely  to  be  made  must 
now  have -been  reported.  A  summary  has  been  prepared, 
and  as  this  has  some  important  bearings  on  the  question  of 
legal  size-limits  an  abstract  of  the  results  is  now  presented. 

All  the  experiments  made  in  the  summer  and  autumn 
of  the  years  1905-1913  in  the  "  Nelson  Buoy  Area  "  have  been 
combined.  Most  of  these  experiments  were  made  during 
the  months  June  and  July,  one  was  made  in  September  and 
one  in  October.  About  1,100  plaice  were  marked  and  liberated, 
and  the  positions  of  recapture  of  about  280  of  these  fish  have 
been  traced.  This  is  the  material  dealt  with  in  the  meantime. 

A  series  of  charts  have  been  prepared  showing  the  positions 
of  recapture,  and  the  sizes  of  all  the  fish  caught  during  each 
month  from  June  to  December,  for  the  periods  January  to 
April,  and  May  to  September  of  the  year  following  that  of  the 
experiment.  These  charts  show  as  clearly  as  possible  the 
general  movement  of  the  plaice  shoals  inhabiting  the  area 
of  sea  within  the  20-fathom  line  off  the  coast  of  Lancashire. 

A  further  synoptical  chart  has  been  prepared  showing 
the  migrations.  Contour  lines  have  been  drawn  round  the 
positions  of  recapture  of  all  the  fishes  caught  in  June-July, 
in  August,  in  September-October,  in  November-December, 
in  January- April,  and  in  May-September  (the  two  latter  periods 
applying  to  the  year  after  that  of  the  liberation  of  the  fish). 
These  contour  lines  represent  successive  "  fronts  "  occupied 
by  the  moving  shoal  of  fish  during  the  periods  mentioned. 

The  evidence  is  very  clear  and  convincing.  It  is  not 
given  here  in  the  meantime,  but  I  have  prepared  an  abstract 
of  the  main  conclusions. 
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(1)  The  Plaice  population  at  the  beginning  of  Summer. 
In  June  this  is  made  up  as  follows  :  — 

13  to  16  centimetres  long,  about    1  %  \ 

16  „  18          „  „         „       15  %     of  all  the  plaice  taken 

18  „  21          „  „         „      50  %.      in  a  six-inch  mesh 


21  „  23          „  „         „       15  % 


trawl-net. 


These  plaice  have  been  spawned  to  the  north-east  of  the 
Isle  of  Man,  or  in  St.  George's  Channel.  The  eggs  and  larvae 
drift  into  shallow  water  and  are  reared  there.  The  plaice 
inhabit  the  shallow-water  nurseries  in  the  Bays  and  Estuaries 
until  they  are  about  20  cms.  in  length. 

(2)  Age  at  which  Migration  begins. 

This  is  over  two  and  less  than  three  years  as  a  rule. 
Plaice  less  than  20  cms.  in  length  hardly  migrate  at  all,  that 
is,  they  do  not  move  outside  the  5-fathom  line.  Of  1,100 
plaice  liberated  in  these  experiments 

5  %  were  less  than  19  cms.  long 
13%  „  20        „ 

34%  „  21        „ 

while  50  %  were  from  20  to  23  cms.  long. 

Of  the  280  plaice  recaptured 

0  %  were  less  than  19  cms.  long 
1%  „  20        „ 

9%  »  21        „ 

while  50  %  were  from  21  to  25  cms.  long. 

Even  in  the  month  of  liberation  and  that  immediately 
after,  that  is,  before  the  fish  had  had  time  to  grow,  hardly 
any  plaice,  of  those  marked  which  were  less  than  20  cms. 
long,  were  recaptured.  The  small  plaice  up  to  20  cms.  long 
off  the  Lancashire  Coast  are  a  practically  stationary  population 
partially  hibernating  in  the  winter  months. 


SEA-FISHERIES   LABORATORY.  123 

(3)  The  Spring  and  Summer  Migration. 

This  is  from  inside  and  about  the  5-fathoms  line,  into 
deeper  water  out  at  sea.  The  plaice  which  are  over  20  cms. 
long  travel  almost  due  west  out  to  the  20-fathom  line,  and 
none  go  beyond  this.  Most  of  them  are  recaptured  between 
the  10-  and  20-fathom  lines.  About  50  per  cent,  of  the 
recaptured  fish  are  between  22^  and  26  cms.  in  length  : 
30  fish  were  recaptured. 


(4)  The  Autumn  Migration. 

This  begins  in  August.  The  plaice  begin  to  move  back 
again  in- shore  toward  shallow  water.  Those  plaice  recaptured 
in  August  were  all  taken  from  an  area  extending  from  about 
Morecambe  Bay  Light  Vessel,  on  the  north,  to  about  Liverpool 
North-west  Light  Vessel  on  the  south.  The  western  boundary 
of  this  area  is  about  half-way  between  the  10-  and  20-fathom 
lines,  and  its  eastern  boundary  is  about  half-way  between 
the  10-  and  5-fathom  lines.  Of  the  plaice  recaptured  in 
August  inside  this  area  50  per  cent,  were  between  22  and  24£ 
cms.  in  length,  that  is,  the  fish  were  rather  smaller  than  the 
June-July  caught  ones,  a  decrease  probably  due  to  fishing-out 
of  the  larger  individuals  :  28  plaice  were  recaptured. 

September-October. 

The  majority  of  the  plaice  are  still  migrating  in-shore, 
to  the  eastward,  during  these  months.  About  70  fish  were 
recaptured,  and  about  half  of  these  were  still  found  inside 
the  area  occupied  in  August,  but  much  further  to  the  east. 
About  half  had  moved  to  well  in-shore  from  this  area,  so  that 
the  "  front "  now  held  is  just  inside  the  5-fathom  line.  In 
addition  to  this  easterly  migration  into  shallower  waters 
there  are  also  indications  of  four  other  lines  of  migration. 


124          TRANSACTIONS   LIVERPOOL   BIOLOGICAL   SOCIETY. 

(5)  The  Winter  Migrations. 

These  other  four  lines  of  winter  migration  are  :— 

1.  Into  Morecambe  Bay. 

2.  Into  the  Estuaries  of  the  Mersey  and  Dee. 

3.  Into  "  Channel  Course  "  and  the  Red  Wharf  Bay  Area. 

4.  Towards  the  Isle  of  Man. 

About  70  fish  were  recaptured  during  the  months  of 
November-December.  Considering  the  sizes  of  these  plaice  we 
arrive  at  some  very  interesting  results. 

1.  The  majority  of  the  smaller  fish  migrate  in-shore 

into  the  shallow  waters  of  the  Ribble  Estuary, 
and  are  caught  as  close  to  the  land  (in  stake-nets, 
shank-nets,  and  trawl-nets)  as  fishing  can  be  carried 
on. 

A  smaller  proportion  of  fish  of  the  same 
range  of  sizes  migrate  into  Morecambe  Bay,  round 
the  north  part  of  the  Bay,  and  are  caught  in  very 
shallow  water. 

An  equally  small  proportion  migrate  into  the 
Dee  and  Mersey. 

2.  The   larger  plaice   migrate   in   November-December 

to  the  west,  along  "  Channel  Course,"  that  is 
the  track  of  vessels  approaching  Liverpool  from 
Point  Lynas.  These  fish  are  mostly  caught  off 
the  coast  of  North  Wales  between  Great  Orine's 
Head  and  Anglesey,  and  mostly  between  the  10- 
and  20-fathom  lines. 

3.  The  largest  plaice  of  all  migrate  to  the  north-west 

towards  the  North-east  Coast  of  Isle  of  Man, 
and  are  caught  mainly  on  the  Great  Bank  to  the 
east  of  Bahama  Light  Vessel  where  the  water  is  less 
than  ten  fathoms  in  depth. 
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January  and  February. 

The  in-shore  migration  to  the  coasts  of  Lancashire  and 
Cheshire  continues.  So  also  does  the  off-shore  migration 
to  the  north-east  of  Isle  of  Man.  But  the  westerly  migration 
into  North  Wales  area  ceases  very  suddenly  in  January. 

(6)  Length  of  Fish,  and  Migration  paths. 

We  must  now  note  the  characteristic  sizes  of  the  plaice 
taking  part  in  these  migrations.  The  plaice  that  migrate 
into  the  Lancashire  and  Cheshire  shallow  waters  in  the  winter 
are  "  small,"  that  is,  50  per  cent,  are  between  21J  and  25  cms. 

The  fish  that  migrate  into  the  North  Wales  area  deeper 
waters  may  be  called  "  medium  "  :  50  per  cent,  of  them  are 
between  23  and  26  cms. 

The  fish  that  migrate  towards  the  north-east  of  Isle  of  Man 
are  "  large  "  :  50  per  cent,  are  between  25  and  28|  cms. 

(7)  Seasonal,  Feeding  and  Spawning  Migrations. 

These  are  the  kinds  of  migration  exhibited  by  plaice 
in  the  Lancashire  off-shore  area. 

Seasonal  migrations  are  undoubtedly  determined  by  the 
change  of  temperature  of  the  sea-water  during  the  year. 
It  would  take  too  long  to  elaborate  this  point,  which  is,  however, 
quite  clear  and  certain  from  our  accumulated  observations. 

Feeding  migrations  are  brought  about  by  local  aggregations 
of  food  on  the  sea  bottom,  as,  for  instance,  the  formation 
of  a  bed  of  growing  mussels  (see  the  instance  given  by  Scott 
in  the  Quarterly  Report  for  October,  1913).  These  are  not 
migrations  in  the  strict  sense,  but  rather  local  and  temporary 
aggregations  of  plaice. 

Spawning  migrations  have  little  importance  in  the 
Lancashire  area,  as  the  plaice  are  mostly  immature.  The 
larger  fish  that  migrate  towards  the  north-east  of  Isle  of  Man 
do  so  in  order  to  spawn  there.  The  larger  plaice  found  off 
the  coasts  of  North  Wales  in  the  months  of  November  and 
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December  are  sexually  mature  fish,  but  they  do  not  spawn 
there.  The  spawning  grounds  of  these  plaice  are  further 
to  the  south  in  St.  George's  Channel. 

(8)  The  question  of  Legal  Size-limits. 

Data  for  the  discussion  of  the  effect  of  these  on  the  local 
fisheries  have  already  been  referred  to  in  the  previous  article 
in  this  Report.  But  these  marked  fish  experiments  give  us 
some  notion  of  the  extent  to  which  the  "  deep  sea  "  plaice 
fisheries  may  be  expected  to  benefit  by  a  restriction  of  the 
size  of  capture  of  plaice  in  in-shore  waters. 

Little  over  3  per  cent,  of  the  1,160  plaice  marked  on  the 
Lancashire  nursery  grounds  have  been  observed  to  migrate 
permanently  into  the  deep  water  off-shore.  Less  than  1  per 
cent,  of  these  marked  plaice  have  been  recovered  from  outside 
the  eastern  part  of  the  Irish  Sea.  These  data  do  not  give 
much  assurance  that  the  result  of  protecting  the  small  plaice 
in-shore  will  lead  to  a  notable  increase  in  the  numbers  of  large 
plaice  off-shore.  The  data  are  very  few,  but  I  know  of  no 
others  relevant  to  the  legislative  question  involved. 

It  is  well  known  that  large  plaice  were  at  one  time  much 
more  abundant  on  the  banks  off  the  North-east  Coast  of 
Isle  of  Man  than  they  are  nowadays.  These  banks  are 
undoubtedly  fed  by  small  plaice  from  the  shallow  water 
nurseries.  The  reduction  of  the  stock  of  large  plaice  on  them 
is  to  be  traced  to  intense  fishing,  mainly  by  steam-trawlers, 
during  modern  times.  It  cannot  be  denied  that  this  stock 
of  large  plaice  might  be  increased  by  favouring  the  off-shore 
migration  by  restricting  the  capture  of  small  plaice  in-shore — 
to  an  unknown  but  certainly  small  extent.  Such  restrictive 
legislation  would,  in  all  probability,  greatly  reduce  the  catch 
of  small  plaice  in-shore,  and  slightly  increase  the  catch  of 
medium  and  large  plaice  off-shore,  and  the  economic  question 
to  be  considered  is  this  : — 7s  it  worth  while  ? 
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HERRING  INVESTIGATIONS. 
BY  W.  RIDDELL,  M.A. 

The  following  is  a  brief  account  of  an  attempt  to  apply 
Professor  Karl  Pearson's  "  goodness  of  fit "  method  to  the 
question  of  herring  races.  Being  given  two  samples,  which 
may  be  either  of  the  same  or  of  different  populations,  this 
method  enables  us  to  find  the  probability  that  as  great,  or 
greater,  divergence  would  be  found  between  two  random 
samples  drawn  from  one  population.  In  other  words,  it  gives 
us  an  estimate  of  the  probability  that  the  two  samples  belong 
to  one  population.* 

The  first  investigations  into  the  question  of  herring 
races  in  this  country  are  due  to  Matthews. f  He  paid  attention 
mainly  to  the  distinction  between  winter  and  summer  fish, 
and  came  to  the  conclusion  that  there  was  no  real  racial 
distinction  between  the  two.  Matthews'  figures,  or  rather 
his  method  of  employing  them,  have  been  criticised  by 
Heincke,J  who  claims  that  they  give  as  much  proof  of  dis- 
tinction between  the  two  races  as  any  of  Heincke's  own. 

By  testing  Matthews'  tables  by  the  present  method, 
we  find  that  Heincke's  contention  is  justified.  Matthews, 
unfortunately,  only  published  his  tables  in  percentages  of 
the  total  number  of  fish,  and  we  have  not  either  his  actual 
measurements  or  the  total  number  of  fish  dealt  with  in  the 
tables. 

But  taking  his  figures  as  they  stand,  we  find  the  following 
results  : — 

*  Pearson,  Phil.  Mag.,  L,  p.  157  ;  Biometrika,  VIII,  p.  250,  X,  p.  85. 

t  Ann.   Rep.  Fish.  Bd.,  Scotland,  IV,  1884  (1885),  p.  61 ;  V,  1886  (1887), 
p.  295. 

J "  Naturgeschichte   des    Herings,"    Abhandl.   d.  Deutsch.   Seefischerei- 
Vereins,  Bd.  II,  Hft.  1,  1898. 
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I.  Ratio    of   head-length    to    body-length.       P  =  0-13, 
or  in  only  13  cases  in  100  would  we  expect  to  find  as  great 
a  divergence  between  two  samples  of  the  one  population. 

II.  Ratio  of  position  of  centre  of  dorsal  fin  to  body- 
length.   P  =  <  -000095,  or  in  less  than  95  cases  in  one  million 
would  we  have  as  bad  a  fit. 

III.  Ratio  of  position  of  centre  of  anal  fin  to  body-length. 
P  =  -0003,  or  3  cases  in  10,000. 

IV.  Ratio  of  position  of  pectoral  fin  to  body-length. 
P  =  <  -12,  or  less  than  12  cases  in  100. 

V.  Ratio  of  length  of  dorsal  fin  to  body-length.  P  =  -024, 
or  24  cases  in  1,000. 

VI.  Ratio  of  length  of  anal  fin  to  body-length.   P  =  -44, 
or  in  44  cases  in  every  100  we  should  expect  as  bad  a  result. 
This  is  a  fair  degree  of  probability. 

VII.  Ratio    of   length   of   caudal  fin    to    body-length. 
P  =  -096,  or  less  than  1  in  10. 

Thus  in  only  one  of  these  characters  have  we  any  grounds 
for  saying  that  there  is  any  probability  that  the  two  groups 
of  fish  belong  to  the  one  population,  while  in  most  there  is 
a  very  high  degree  of  improbability. 

Thus  we  are  justified,  I  think,  in  coming  to  the  conclusion 
that,  contrary  to  his  own  opinion,  Matthews'  results  give 
evidence  of  a  racial  distinction  between  the  spring  and  winter 
herring  of  the  Scottish  coast. 

Heincke's  figures  are,  unfortunately,  presented  in  such 
a  form  that  it  is  difficult  to  get  series  for  comparison.  The 
most  valuable  characters  for  comparison  are  the  number  of 
keel-scales  between  ventral  fin  and  anus  (K2),  and  the  number 
of  vertebrae.  Unfortunately,  out  of  several  tables  dealing 
with  fish  from  one  locality  we  may  find  only  two  or  three 
in  which  these  are  given,  and  it  is  difficult  to  find  a  fairly 
large  series  of  autumn  and  spring  fish  from  one  district  in 
which  we  can  compare  the  characters. 
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But  we  may  note  the  following  : — 

I.  Eastern  and  Southern  North  Sea.  (Extracted  from 
Heincke's  tables  96  to  115). 

Kz  (keel-scales) — 210  autumn  and  254  spring  fish. 

P  =  < -000001. 
Vertebrae — 173  autumn  and  250  spring  fish. 

p=  < -ooooooi. 

Here  we  should  have  no  hesitation  in  saying  that  we 
are  dealing  with  two  distinct  races. 

In  this  case  these  are  the  only  two  measurements  which 
we  can  compare.  As  the  autumn  group  contains  a  much 
larger  proportion  of  fish  under  100  mm.  in  length,  the  indices 
representing  the  relative  positions  of  fins  and  length  of  head 
cannot  be  used,  as  these  change  greatly  with  age  in  fish  up 
to  about  100  mm. 

Unfortunately,  in  Heincke's  other  groups,  the  numbers 
are  too  small  to  base  any  reliable  conclusions  upon. 

Thus  in  the  case  of  his  "  Frlihjahrs-  und  Herbstheringe 
der  westlichen  Ostsee,"  K2  is  given  in  383  spring  herring, 
but  only  in  82  autumn  herring.  This  gives  P  < -000001. 
In  the  same  group,  the  head-length  is  given  for  114  spring 
and  79  autumn  fish,  and  gives  the  same  value  for  P. 

In  the  case  of  herring  from  the  Belt  and  Sound,  the 
numbers  of  fish  are  : — K2,  90  and  77  ;  vertebrae,  69  and  59  ; 
head-length,  91  and  63.  The  respective  values  for  P  are  : 
0-5,  0-5,  and  0-48.  Here  we  have  no  grounds  for  dis- 
tinguishing between  the  two  series.  Thus,  in  the  different 
sub-groups,  Heincke's  figures  give  in  one  case,  with  fair  numbers 
of  fish,  strong  support  to  his  distinction  between  autumn 
and  spring  fish.  In  two  other  cases,  where  the  numbers  are 
smaller,  one  supports  his  contention,  the  other  contradicts  it. 

We  cannot  lump  together  some  of  Heincke's  districts 
to  increase  the  number  of  fish.  If  there  is  anything  in  his 
theory  of  local  races  we  must  deal  with  each  district  separately. 
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Thus  a  comparison  of  Kz  in  the  383  spring  herring  from 
the  Baltic  with  254  from  the  North  Sea  gives  P  < -000001, 
pointing  to  the  existence  of  local  races  independently  of 
the  distinction  between  the  autumn  and  winter  herrings. 

As  regards  my  own  figures,  I  have  already  pointed  out 
several  reasons  why  much  reliance  cannot  be  placed  upon 
them.  But  I  have  tried  to  find  if  any  were  sufficiently  accurate 
to  be  employed,  with  the  following  results  : — 

In  the  Port  Erin  fish  we  have  two  samples  of  100,  numbers 
(3)  and  (4)  of  1914  (June  and  July),  which  give  the  following 
results  : — 

KZ  :    P  =  0-36. 

D  :    P  =  0-44. 

F  :    P  =  0-4. 

A   :    P  =  0-78. 

Here  we  find  a  close  resemblance,  justifying  us  in  considering 
these  as  samples  of  one  population. 

Among  the  Welsh  fish  we  have  two  samples  of  50  each, 
numbers  (8)  and  (10)  of  1914  (December).  These  are  small 
numbers,  but  the  results  are  as  follows  : — 

K%  :  P  =  practically  1. 

D  :  P  =  0-5. 

F  :  P  =  0-4. 

A   :  P  =  0-48. 

These,  again,  we  may  regard  as  one  population. 

Comparing  the  Port  Erin  fish  with  the  Welsh,  we  find  :— 
Kz  :    P=  -0245. 
D  :    P  =  <  -000001. 
F  :    P  =  -012. 
A  :    P  =  -144. 

Thus  we  can  regard  it  as  very  improbable  that  the  two 
areas  have  the  same  race  of  fish.  Whether  this  is  a  case  of 


SEA-FISHERIES   LABORATOEY.  131 

two  local  races,  or  of  the  distinction  between  summer  and 
winter  fish,  is  a  matter  for  further  research. 

We  may  say,  then,  that  this  method  gives  us  good  ground 
for  supporting  Heincke's  conclusions  and  opposing  those  of 
Matthews.  But  more  research  is  needed  on  large  samples 
from  as  many  areas  as  possible.  These  samples  must  be  fresh 
and  in  good  condition ;  no  method  of  preservation  is 
satisfactory.  Probably  the  characters  on  which  most  reliance 
can  be  placed  are  the  number  of  keel-scales  and  number  of 
vertebrae,  but  probably  the  main  reason  for  this  is  that  these 
characters  can  be  determined  more  accurately  than  the  others. 
In  large  samples  of  good  fish  it  will  probably  be  found  that 
the  other  characters  will  give  quite  reliable  results. 

I  have  tried  to  find  out  whether  sex  is  of  sufficient  import- 
ance to  make  it  necessary  to  treat  the  sexes  separately. 
Unfortunately,  it  is  difficult  to  get  large  series  from  the 
figures  available,  but  the  following  results  may  be  noted. 

Schley  Herring : 

KZ  ;    125  <?,  162   $  :   %2  =  5.3423  :  n  =  Q  :  P=0-28. 
Vertebrae ;   92  $ ,  125   $  :   %2=g-775  :  n=5  :  P=0-15. 

Herring  from  Kiel,  &c.  : 

K2  ;   92  $  ,  122   $   :  x2=6-237  :  n=6  :  P=0-285. 
Vertebrae  ;   43  $  ,  52   ?  :    X2= 1-012  :  n=4  :  P=0-8. 

Port  Erin,  1914  : 
K2  ;   102  $  ,  96   ?  :  %2=4-679  :  w=5  :  P=0-325. 

I  have  also  examined  the  figures  given  by  Duncker*  for 
the  sexes  in  plaice,  which  give  the  following  results. 

Number  of  rays  in  dorsal  fin  : 

602  <?,  518  9   :    x^=W-8l  .  n=n  .  p=Q46. 

Number  of  rays  in  anal  fin : 
602  3  ,  518   ?   :  %2=13  :  n=ll  :  P=0-223. 

*  Wiss.  Meeresunters.,  N.  F.  IV,  1900. 
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Number  of  rays  in  left  pectoral  fin  : 
562  3  ,  498  ?   :  ^2=4-5  :  w=6  :  P=048. 

Number  of  rays  in  right  pectoral  fin  : 
562  «?,  497  ?   :  %2=10-083  :  w=6  :  P=0-073. 

These  figures  of  Duncker's  do  not  seem  to  point  to  any 
necessity  of  separating  the  sexes  in  this  case.  In  the  case 
of  the  herring,  the  numbers  are  too  few  to  base  any  reliable 
conclusions  upon,  but  I  think  that  for  the  present  it  may 
be  regarded  as  legitimate  to  group  the  two  sexes  together 
for  the  purposes  of  the  above  comparison. 
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AN  INTENSIVE  STUDY  OF  THE  MARINE 
PLANKTON  AROUND  THE  SOUTH  END  OF 
THE  ISLE  OF  MAN.— PART  IX. 

BY    W.    A.    HERDMAN,    F.R.S.,    ANDREW    SCOTT,    A.L.S., 
and  H.  MABEL  LEWIS,  B.A. 

[ABSTRACT  ONLY.] 

In  this  ninth  year  of  the  intensive  study  of  the  plankton 
in  the  central  area  of  the  Irish  Sea,  although  our  operations 
have  been  greatly  restricted  by  war  conditions,  we  have 
managed  to  get  320  samples  for  examination,  spread  fairly 
equally  over  the  twelve  months,  in  numbers  varying  from 
21  to  27  a  month.  By  getting  a  special  permit  from  the 
authorities,  we  have  been  enabled  to  take  these  gatherings 
in  the  usual  way  across  the  mouth  of,  and  just  outside,  Port 
Erin  Bay.  These  bring  our  total  number  of  samples  for  the 
nine  years  up  to  4,620,  a  very  substantial  number.  We  still 
hope  to  complete  our  ten  years  of  work,  and  then  to  publish 
a  final  report  upon  the  observations  of  the  decade. 

We  have  prepared,  in  manuscript,  a  complete  report 
on  the  year's  observations  on  the  usual  lines,  with  tables  of 
statistics,  and  curves,  in  the  hope  that  we  may  be  enabled 
to  publish  these  data  with  the  final  report  next  year.  In  the 
meantime  we  content  ourselves,  for  the  reasons  which  are 
stated  in  the  Introduction  (p.  99),  with  the  following  brief 
account  of  the  results  obtained  in  1915. 

The  spring  maximum  this  year  was  again  in  May,  as  it 
was  in  1911,  1913  and  1914,  the  average  haul  of  the  total 
catch  for  that  month  being  63-5  c.c.,  the  highest  monthly 
average  in  any  year  we  have  yet  recorded.  The  actual  largest 
haul  was  116-5  c.c.,  on  May  10th.  But,  although  the  highest 
monthly  average  of  the  total  catch  was  in  May,  the  monthly 
averages  of  the  three  most  important  groups  in  the  plankton — 
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Diatoms,  Dinoflagellates  and  Copepoda  —  were  higher  in 
June.  Apparently  the  greater  bulk  of  the  catches  on  some 
occasions  in  May  was  due  to  the  unicellular  Alga  Halosphaera. 

The  autumnal  maximum  was  very  slightly  marked  this 
year.  In  1913,  we  recorded  an  unusually  low  autumnal  increase, 
with  an  average  of  8'4  c.c.  in  September,  and  a  maximum 
of  15-2  c.c.  This  year  the  numbers  are  only  slightly  higher, 
the  average  for  October  being  8'9  c.c.,  and  the  maximum 
catch  being  19  c.c.  (on  September  30th). 

There  seem  to  have  been  no  vast  swarms  of  Diatoms 
this  year  in  our  district,  such  as  we  have  had  to  record  in 
some  previous  years.  The  maximum  haul  was  about  19 
millions  on  June  15th,  whereas  we  recorded  hauls  of  from 
150  to  about  200  millions  in  the  three  previous  years. 

Our  detailed  analysis  of  the  more  important  genera  of 
Diatoms  does  not  show  anything  of  outstanding  importance, 
but,  for  the  most  part,  simply  confirms  what  we  have  stated 
in  previous  reports.  It  may  be  remarked,  however,  that 
Coscinodiscus  was  unusually  abundant  in  the  spring  of  1915. 
The  maximum  for  this  genus  was  in  April,  and  a  record  haul 
of  nearly  5  millions  was  obtained  on  April  13th. 

The  Dinoflagellata  (Ceratium  and  Peridinium)  were 
more  abundant  in  1915  than  usual.  The  maximum  for  both 
genera  was  in  June,  a  month  later  than  in  1914.  The  largest 
hauls  were  264,000  of  Ceratium  tripos  on  June  21st,  and  110,000 
of  Peridinium  spp.  on  June  3rd. 

The  maximum  of  adult  Copepoda  was  this  year  in  August 
(117,340  on  August  2nd),  but  the  highest  monthly  average 
was  in  October ;  while  that  of  the  Copepod  nauplii  was  in 
June.  Our  analysis  of  the  eight  commonest  species  of  Copepoda 
shows  nothing  exceptionally  noteworthy  in  their  occurrence 
during  1915.  In  some  cases  the  autumnal  numbers  were 
relatively  higher  than  usual. 

The    remaining   groups   of    animals    (such    as    Medusae, 
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Cladocera,  Sagitta,  Oikopleura,  &c.)  and  the  various  kinds 
of  larvae  (Echinoderm,  Molluscan,  &c.)  which  make  up  the 
rest  of  the  plankton  gatherings  have  been  identified  and 
computed  as  usual,  and  we  have  detailed  records  of  the  statistics 
of  their  distribution  throughout  the  year.  We  find,  however 
that  they  present  no  unusual  features,  but  simply  confirm 
more  or  less  exactly,  statements  which  we  have  given  in 
previous  reports.  This  confirmation  of  our  previous  results, 
which  becomes  more  and  more  marked  as  we  continue  the 
work,  gives  us  hope  that  when  our  ten  years  survey  of  the 
plankton  is  completed,  we  may  be  able  to  formulate  reliable 
average  results  which  will  hold  good  for,  at  least,  normal 
years  and  seasons. 

We  give  here  the  usual  temperature  chart  of  Port  Erin 
Bay,  drawn  up  from  Mr.  Chadwick's  daily  records. 
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SHELL-FISH  AND   SEWAGE  INVESTIGATIONS. 
BY  JAMES  JOHNSTONE,  D.Sc. 

It  has  been  necessary  to  spend  considerable  time  during 
the  last  year  in  investigating  the  shell-fish  beds  in  various 
parts  of  the  District.  These  inspections  and  analyses  were 
made  with  reference  to  the  mussel  beds  in  the  Estuaries  at 
Aberdovey,  Barmouth,  Portmadoc,  the  Lune,  and  the  Estuary 
of  the  Ribble.  Visits  were  made  to  these  places,  and  various 
series  of  analyses  of  shell-fish  and  water  were  made  in  reference 
to  each  area.  Sites  for  the  establishment  of  cleansing  tanks,  &c. 
were  decided  upon  in  the  cases  of  the  Aberdovey  and  Barmouth 
areas,  and  suggestions  for  the  construction  of  the  tanks  were 
made  for  the  guidance  of  the  Surveyor  who  designed  the 
tanks.  Plans  were  made  by  the  latter  and  approved  (after 
some  slight  emendations).  The  Committee  have  now  seen 
these  plans. 

It  was  decided  that  the  conditions  at  Portmadoc  were, 
in  the  meantime,  very  unfavourable.  It  was  stated  that  the 
whole  sewage  system  of  this  town  was  likely  to  be  altered, 
and  in  these  circumstances  it  was  felt  that  it  would  be  pre- 
mature to  proceed  with  any  scheme  for  purifying  the  mussels. 

Various  defects  in  the  existing  sewage  arrangements 
at  Aberdovey  and  Barmouth  have  been  pointed  out,  and 
the  attention  of  the  local  authorities  concerned  has  been 
directed  to  these.  It  is  hoped  that  they  may  be  remedied, 
as  the  complete  success  of  the  working  of  the  mussel  cleansing 
tanks  may  be  prejudiced  by  their  continued  existence. 

Much  time  was  spent  in  relation  to  the  investigation 
of  suitable  places  for  mussel  relaying  in  the  Estuary  of  the 
Lune.  A  short  account  of  these  investigations  is  given  in 
the  following  pages. 
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Some  other  investigations  having  reference  to  much 
needed  information  with  respect  to  methods  of  analysis  of 
shell-fish,  and  permissible  standards  of  sewage  contamination 
are  in  progress.  It  is  hoped  that  a  complete  account  of  these 
may  be  given  some  time  in  the  future. 

(1)  The  Cardigan  Bay  Mussel  Fisheries. 

A  report  on  the  results  of  inspections  made  in  reference 
to  these  shell-fisheries,  and  on  the  results  of  analyses,  was 
presented  to  the  Scientific  Sub-Committee  at  the  meeting 
in  November,  1915.  This  is  now  reprinted  as  an  Appendix 
to  the  present  Annual  Report. 

(2)  The  Mussel  Fisheries  in  the  Estuary  of  the  Lune. 

Complaints  by  the  Health  Authorities. 

Here,  also,  the  local  conditions  required  considerable 
attention.  During  October  and  November  repeated  complaints 
were  made  to  the  Committee  and  the  Lancaster  Health 
Local  Authority.  The  precise  genesis  of  these  complaints 
is  not  very  clear.  In  some  instances,  they  appear  to  have 
arisen  in  consequence  of  the  results  of  analyses  of  mussels 
taken  from  markets  and  shops,  and  made  for  the  Fishmongers' 
Company.  These  analytical  results  were  then  communicated 
to  the  local  authorities.  In  other  instances,  they  appear  to 
have  arisen  as  the  result  of  investigations  made  by  the  local 
authorities  into  cases  of  enteric  fever  in  their  districts. 

Evidence  on  which  complaints  were  based. 

In  neither  case  was  the  evidence  implicating  the  mussels 
satisfactory.  It  is  unsatisfactory  merely  to  take  a  sample 
of  mussels  from  a  market  stall,  or  shop,  and  then  to  extend 
the  results  of  the  analysis  to  the  natural  bed  from  which 
the  shell-fish  were  said  to  have  come.  The  mussels  may  have 
been  contaminated  after  removal  from  the  fishery,  and  the 
statement  of  their  place  of  origin  may  have  been  erroneous. 


138          TRANSACTIONS   LIVERPOOL   BIOLOGICAL   SOCIETY. 

Neither,  unless  one  knows  exactly  what  has  been  done, 
can  we  unhesitatingly  accept  the  statement  that  a  definite 
batch  of  mussels  caused  enteric  fever  in  the  person  eating 
them  ;  nor  can  the  original  diagnosis  of  enteric  fever  always 
be  accepted  as  true;  nor  can  it  be  quite  certain,  in  most 
cases,  that  there  were  not  other  equally  probable  causes 
of  the  disease  should  the  nature  of  the  latter  be  verified. 

Also,  the  mussels  analysed  and  reported  upon  were  often 
simply  described  as  shell-fish  coming  from  the  locality  of 
the  railway  station  from  which  they  were  carried  to  the  market. 
Since  the  same  railway  station  often  serves  mussels  taken 
from  polluted  and  unpolluted  beds,  serious  mistakes  may  thus 
be  made.  Some  instances  of  such  mistakes  have  recently 
come  to  our  notice. 

Relaying  Operations  in  the  Lune  Estuary. 

In  consequence  of  the  complaints  referred  to  above,  a 
conference  was  held  at  Glasson  Dock.  Dr.  Jenkins  and  I  met 
the  local  fishermen  and  their  representatives,  and  a  provisional 
scheme  of  relaying  was  agreed  upon.  An  Inspector  of  the 
Fishmongers'  Company  had  previously  visited  the  district 
and,  it  was  stated,  had  advised  the  fishermen  that  their  mussels 
might  be  relaid  anywhere  on  the  foreshore,  above  the  level 
of  two  hours  ebb  tide,  on  neap  tides. 

Three  places  were  therefore  suggested  by  the  men  as 
suitable  for  relaying,  (1)  on  Crook  Skear ;  (2)  at  Fishnet 
Point,  near  Glasson  Dock  ;  (3)  in  the  bight  near  the  entrance 
of  the  Conder  Brook,  near  Glasson  Dock  Railway  Station  ; 
(4)  also,  some  men  working  on  the  Skears  near  Abbey  Light 
wish  to  relay  their  mussels  at  a  place  there. 

Experiments  were  made,  at  the  request  of  the  fishermen, 
at  each  of  these  places.  I  was  convinced  that  sites  (2)  and  (3) 
were  unsuitable ;  nevertheless,  the  tests  were  made.  A  quantity 
of  mussels  were  relaid  at  each  of  these  four  places,  and  samples 
of  these  uncleaned  mussels  were  sent  to  me  at  the  time  when 
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they  were  laid  down.  No  more  than  about  18  hours  elapsed 
in  any  case  between  the  collection  of  the  sample  and  its  analysis. 
Samples  were  also  sent  from  each  place  after  48  hours 
relaying,  and  in  the  case  of  the  Crook  Skear  site  an  additional 
sample  was  sent  after  11  days. 

The  places  (2)  and  (3)  were  unsatisfactory.  This  is  un- 
fortunate, since  they  were  very  near  to  the  railway  station, 
and,  on  that  account  were  favoured  by  the  men.  The  relaid 
mussels,  after  48  hours,  were  more  highly  contaminated 
than  the  original  un-relaid  mussels.  These  results  are  anomalous, 
and  are  partly  due  to  the  exceptional  floods  in  the  river, 
and  partly  to  other  causes  as  yet  suspected  only. 

The  place  at  Crook  Skear  was  satisfactory.  There  is  a 
little  shallow  pool  on  the  shore  here,  which  fills  at  about  half- 
tide.  Samples  of  water  were  taken  from  this  pool  and  from 
the  adjacent  channel  near  the  level  of  low  water.  The  results 
of  analysis  were  : — 

The  water  in  the  pool    ...     0  intestinal  organisms  per  c.c. 
The  water  in  the  channel    40        ,,  „  „ 

An  experimental  relaying  gave  the  following  results  : — 

Original  uncleaned  sample  5,200  intestinal  organisms  per  mussel. 
Relaid  for  48  hours        ...    416         „  „  „ 

Relaid  for  11  days          ...    120        „  „  ,, 

There  is,  of  course,  little  real  difference  between  the 
mussels  relaid  for  2  days  and  those  relaid  for  1 1  days.  I  regarded 
this  experiment  as  satisfactory. 

Several  men  fish  the  Skears  near  the  Abbey  Light,  and 
relay  their  mussels  on  the  foreshore  at  Plover  Point,  near 
Cockersand  Abbey.  Samples  of  these  mussels  were  sent  to 
me  and  examined :  they  contained  about  500  intestinal 
organisms  per  mussel.  Samples  were  also  sent  to  Professor 
Delepine,  of  Manchester  University,  who  found  B.  coli  in 
l/l,000th,  but  not  in  l/10,000th  part  of  a  mussel.  These 
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results  are  practically  similar  to  mine.     This  latter  place  I 
also  regard  as  satisfactory. 

The  Commercial  Relaying. 

During  November,  and  up  to  the  present  time,  the  Lune 
mussel  fishermen  have  been  relaying  their  mussels  at  these 
places — Overton,  Sunderland  Point,  Crook  Skear,  and  Plover 
Point.  Several  samples  have  been  sent  to  me  and  these  have 
proved  to  be  satisfactory.  At  each  place  one  man  is  entrusted 
with  lead  seals  and  an  embossing  plyers.  Stamped  seals  are 
affixed  to  the  bags  containing  mussels  which  have  been 
relaid  hi  places  recommended  by  the  Fisheries  Committee. 

The  Enquiry  at  Lancaster. 

This  was  held  on  January  25th.  The  main  question 
at  issue  was  the  choice  of  a  site.  I  strongly  recommended 
the  adoption  of  one  site,  that  near  Overton,  for  all  Lune 
Estuary  mussels,  first,  because  this  place  is  better  than  the 
others  in  its  distance  from  the  main  channel,  and  mainly 
because  at  one  place  there  could  be  efficient  supervision  of 
the  methods  of  relaying  and  the  system  of  certification.  Practical 
difficulties,  on  the  part  of  the  men,  were  pointed  out,  and  the 
Enquiry  adjourned  without  making  an  Order  under  the  Shell- 
fish Regulations.  There  is  to  be  a  Conference  later  on. 

(3)  The  Kibble  Estuary  Mussel  Fisheries. 

This  was  also  an  Enquiry  under  the  Shell-fish  Regulations, 
and  it  was  of  particular  interest  in  some  ways.  The  genesis  of 
the  Enquiry  was  a  complaint  from  the  local  authority  of 
Batley,  Yorkshire,  that  "  Lytham  mussels  "  were  conveying 
enteric  fever,  or  at  least  were  suspected  of  doing  so.  Samples  of 
mussels  from  the  Training  Wall  in  the  Ribble  Channel,  opposite 
Ansdell,  were  examined  by  the  Bacteriologist  of  the  Fish- 
mongers' Company  and  reported  as  being  unclean. 
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Evidence  justifying  condemnation  of  shell-fish. 

It  was  elicited  by  Dr.  Jenkins  in  examination  of  the 
report  made  by  the  Medical  Officer  of  Health  for  Preston 
that  the  latter  had  no  epidemiological  evidence  causing  him 
to  suspect  these  mussels  (those  from  the  Training  Wall,  and 
from  Church  Scar,  which  is  near  Ansdell).  Large  quantities 
of  the  same  mussels,  it  was  stated,  were  consumed  in  and 
near  Lytham  without  ill-effects  by  2,500  soldiers  who  had 
been  there  for  some  time,  for  instance.  (It  was  not  stated, 
however,  that  these  men  had  been  inoculated  against  enteric 
fever  !)  However,  there  was  really  no  epidemiological  evidence. 
The  Local  Government  Board,  in  their  letter  covering  the 
issue  of  the  Regulations,  deprecated  sole  reliance  on  bacteri- 
ological analyses  in  the  procedure  of  the  Enquiries.  The 
local  authorities  were  recommended  to  trust  rather  to 
epidemiological  and  topographical  evidence. 

Yet  the  evidence  considered  at  these  Enquiries,  and 
in  the  proceedings  that  led  up  to  them,  was  almost  entirely 
that  of  bacteriological  analysis.  In  both,  the  proceedings 
were  adjourned,  and  it  was  apparent  that  the  evidence  brought 
forward  did  not  prove  convincing  to  the  Committees.  Those 
taking  part  in  future  Enquiries  of  this  kind  should  be  strongly 
reminded  that  the  Regulations  require  that  the  Medical 
Officer  of  Health  should  have  grounds  for  belief  that  shell- 
fish are  actually  conveying  disease,  or  are  likely  to  do  so. 
"  Likely,"  it  should  be  noted,  is  to  be  regarded  as  synonymous 
with  "  probable."  The  proof  of  this  probability,  that  suspected 
mussels  do  convey  disease  in  specified  instances,  should  be 
required  by  those  opposing  or  delaying  the  making  of  these 
Orders. 

Bacteriological  Methods  and  Standards. 

This  Preston  Enquiry  was  also  notable  in  that,  for  the 
first  time,  the  questions  of  methods  of  analysis  and  standards 
of  impurity  arose  legally  in  regard  to  shell-fish. 
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Analytical  results  were  submitted  from  the  bacteriologist 
of  the  Fishmongers'  Company,  and  from  Professor  Delepine. 
It  came  out  in  the  proceedings  that  the  former  analyses  were 
vitiated  by  the  obsolete  methods  employed.  Further,  they 
were  so  obtained  that  they  could  not  be  compared  with  the 
results  obtained  in  other  laboratories,  being  too  indefinite. 
These  results  could  hardly  be  said  to  be  strictly  quantitative 
ones,  since  mussels  coming  from  places  that  might  be  expected 
to  be  very  differently  polluted  did  not  appear  to  be  significantly 
different  when  analysed.  Thus  a  series  of  analyses,  made 
for  the  Fishmongers'  Company,  of  mussels  before  and  after 
relaying  at  Overton  in  the  Lune  showed  no  appreciable  differ- 
ence, a  result  that  could  not  reasonably  be  expected.  (These 
results,  which  I  have  seen,  were  marked  "For  private 
information  only,"  but  since  they  are  being  used  in  relation 
to  public  enquiries,  and  may  affect  a  public  industry,  this 
direction  may  justly  be  ignored). 

(4)  Bacteriological  Standards. 

No  standard  was  given  by  the  Fishmongers'  Company, 
at  least,  none  was  quoted  in  these  proceedings.  A  standard 
suggested  by  Professor  Delepine  was,  however,  announced. 
It  was  suggested  that  mussels  showing  less  than  1,000  B.  coli 
per  individual  might  be  passed.  I  agree  with  this  standard, 
since  it  has  practically  been  that  adopted  in  the  work  done 
for  the  Fisheries  Committee.  It  is  to  be  hoped  that  further 
Enquiries  will  lead  to  its  general  use — with  necessary  and 
obvious  limitations. 

Limitations  of  a  Bacteriological  Standard, 

Let  1,000  B.  coli  be  the  standard,  that  is,  mussels  giving 
higher  results  than  this  are  to  be  condemned,  or  suspected 
of  undesirable  contamination  likely  to  be  prejudicial  to  the 
public  health.  Suppose  that  mussels  contain  on  the  average, 
1,010  B.  coli  each,  are  they  to  be  condemned  ?  If  so,  what 
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is  the  real  significant  difference  between  1,000  and  1,010? 

This  is  the  legal  quibble  of  "  the  heap,"  and  it  is  to  be 
avoided  in  two  ways.  (1)  By  regarding  bacteriological  analyses 
as  results  to  be  supplemented  always  by  epidemiological 
results.  This  is  the  line  taken  by  the  Local  Government  Board. 
Whether  or  not  mussels  with  rather  more  or  less  than 
1,000  B.  coli  per  individual  are  to  be  condemned,  depends 
on  collateral  evidence. 

(2)  By  using  the  results  statistically.  Quantitative 
biological  results  are  useless  for  comparisons  unless  they  are 
treated  and  interpreted  statistically.  The  crude  data  of  observation 
are  less  reliable  than  statistically  corrected  data.  When  we 
find  from  experiment  that  five  mussels  contain,  on  the  average, 
1,000  B.  coli  each,  we  must  assume  that  the  figure  1,000  is 
subject  to  an  error,  the  size  of  which  depends  on  the  methods,  &c. 
It  may  be  that  any  result  from  900  to  1,100  is  to  be  regarded 
as  equally  probable,  given  a  certain  standard  of  probability 
adopted  at  the  outsetv 

If,  then,  there  is  collateral  evidence  against  the  shell-fish, 
we  may  regard  (say)  a  result  of  900  as  the  same  thing  as  1,100, 
and  so  condemn  the  mussels.  If,  on  the  contrary,  there  is  no 
prejudicial  collateral  evidence,  we  may  regard  a  result  of 
1,100  as  not  enough  to  condemn  the  mussels. 

A  Legal  Definition  of  B.  coli. 

It  is  desirable,  and  will  become  more  so  as  further  Enquiries 
are  held,  that  there  should  be  a  legal  definition  of  B.  coli. 
Bacteriologists,  at  least  research  bacteriologists,  are  already 
probably  in  agreement  as  to  the  characters  diagnostic  of 
this  micro-organism,  but  a  uniform  treatment  of  material 
submitted  for  analysis  is  very  desirable  in  public  health 
routine  work.  The  methods  of  analysis  may,  of  course,  vary 
according  to  the  laboratory,  but  they  should  be  so  directed 
that  they  will  give  the  mean  numbers  of  B.  coli  contained 
in  each  of  (say)  5  or  10  mussels,  cockles  or  oysters  ;  and  they 
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should  find  B.  coli  to  be  an  organism  (say)  growing  rapidly 
in  bile-salt  media,  fermenting  glucose,  lactose  and  dulcite, 
and  producing  indole,  but  failing  to  ferment  cane-sugar,  inulin, 
and  adonite,  and  failing  to  give  the  Vosges  and  Proskauer 
reaction.  This  is  the  standard  adopted  in  the  analyses  made 
for  the  Fisheries  Committee.  If  a  less  stringent  diagnosis 
is  adopted,  say  that  of  an  organism  growing  rapidly  in  bile-salt 
media,  fermenting  glucose  and  lactose,  and  giving  the  indole 
reaction  and  a  neutral-red  fluorescence,  then  the  results 
should  indicate  the  contamination  as  due  to  "  intestinal," 
or  "  faecal  "  or  some  other  category  of  organisms. 

The  Necessity  for  Bacteriological  Analyses. 

Even  when  due  stress  is  laid  on  epidemiological  results, 
bacteriological  analyses  are  necessary  :  topographical  evidence 
can  hardly  be  considered  without  this  adjunct.  The  investiga- 
tion of  suitable  and  practicable  places  for  relaying,  and  the 
criteria  of  the  results  of  relaying,  must  obviously  be  obtained 
by  analyses. 
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APPENDIX  I. 

(From  Quarterly  Report  of  November,  1915) 

Dr.  JOHNSTONE'S  REPORT  ON  THE  CARDIGAN  BAY  MUSSEL 

ORDER. 

As  it  seemed  likely  that  this  Order  would  come  into 
force  during  last  quarter,  a  good  deal  of  time  was  spent 
in  making  preliminary  investigations  in  order  that 
suitable  methods  of  treating  the  local  mussels  might  be 
devised.  In  addition  to  visits  of  inspection  and  analyses 
previously  made  and  reported  upon,  I  spent  about  a  week 
at  both  Aberdovey  and  Barmouth  during  June,  and  had 
the  ready  and  careful  assistance  of  Captain  E.  Lewis, 
the  local  Fishery  Officer,  on  these  occasions.  Subsequent 
collection  of  samples  was  made  by  Captain  Lewis,  and 
I  am  very  much  indebted  for  this  help,  which  made 
further  visits  to  Cardigan  Bay  unnecessary. 

All  three  estuaries,  at  Aberdovey,  Barmouth,  and 
Portmadoc,  presented  great  difficulties.  The  mussel 
industry  is  a  very  small  one,  involving  perhaps  some  two 
dozen  fishermen  regularly  during  the  season.  The 
expense  of  providing  means  of  purifying  the  shellfish 
had  to  be  proportionate  to  the  value  of  the  industry.  At 
all  the  places,  however,  a  considerable  degree  of  develop- 
ment may  be  regarded  as  probable.  There  is  much  scope 
for  transplantation  and  fattening  of  small  seed  mussels 
otherwise  valueless,  and  this  transplantation  depends  for 
its  success  upon  the  provision  of  means  for  purification. 
It  is  desirable  that  the  small  seed  mussels  should  be 
transplanted  into  those  parts  of  each  estuary  where 
growth  will  proceed  most  rapidly;  that  is,  into  the  places 
where  there  is  most  sewage.  The  mussels  must  then  be 
so  treated  as  to  remove  the  contamination — that  is,  the 
sewage  bacteria — taken  in  during  the  last  day  or  two  of 
the  growth  period. 

Ambitious  and  expensive  works,  such  as  those  now 
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being  completed  at  Conway  by  the  Corporation  and  the 
Board  of  Agriculture  and  Fisheries,  could  not  be  pro- 
jected. On  the  whole,  the  best  means  of  dealing  with  the 
problem  might  have  been  to  centralise  it.  It  would  have 
been  possible  to  erect  tanks  on  some  part  of  the  coast 
between  Harlech  and  Aberystwyth  capable  of  dealing 
with  all  the  mussels  taken  in  Cardigan  Bay.  The  shellfish 
could  have  been  bought  from  the  fishermen,  treated  in 
the  tanks,  certified  and  put  on  the  market.  After  deduction 
of  working  and  depreciation  expenses,  a  bonus  on  each 
season's  profits  could  have  been  declared  and  paid  to  all 
fishermen  taking  out  licences  under  the  Order  in  pro- 
portion to  the  total  quantity  of  mussels  gathered  by  them 
and  sent  to  the  "  sanatorium."  There  are,  of  course, 
different  qualities  of  mussels,  obtaining  different  prices, 
but  this  difficulty  could  easily  be  provided  for.  This 
method  of  dealing  with  the  Cardigan  Bay  mussel  fisheries 
might  have  been,  taking  a  broad  view  of  the  question,  the 
best  means,  I  think,  of  dealing  with  it.  It  may  be 
impracticable  at  the  present  time,  but  I  suggest  it  here 
so  that  it  may  yet  be  considered  after  the  preliminary 
steps  now  being  taken  are  tested.  By  adopting  such  a 
plan,  working  expenses  might  be  centralised  and 
diminished,  and  the  best  natural  situation  for  the  tanks 
could  be  fixed  upon  apart  from  other  considerations. 
The  open  coast  of  Cardigan  Bay  is  bathed  by  water  of 
exceptional  freedom  from  sewage  pollution.  There 
would  be  no  necessity  to  sterilise  the  water  flowing  into 
the  tanks  by  treatment  with  chemicals.  It  must  be 
noted  that  a  shellfish  is  cleansed  from  sewage  bacteria 
by  a  process  of  washing-out.  Sterile  sea-water  is  taken 
into  the  shell  cavity  and  alimentary  canal  and  removes 
the  bacteria  as  it  flows  out  again,  and  so  long  as  this 
circulating  water  is  sterile  no  further  contamination  can 
take  place. 
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If  the  tanks  for  purifying  the  mussels  are  erected, 
one  in  each  estuary,  additional  difficulties  are  set  up. 
It  is  necessary  to  place  these  tanks  on  such  parts  of  the 
foreshore  as  are  convenient  from  the  point  of  view  of 
construction,  and  where  water  of  sufficient  purity  can  be 
obtained.  Further,  pumping  cannot  be  employed  in  such 
small  installations  because  of  the  initial  and  working 
expense  of  the  plant  of  engines,  etc.,  so  that  the  tanks 
must  be  tidal  ones.  Finally,  the  tanks  must  be  placed 
where  they  are  convenient  for  the  fishermen,  that  is,  near 
to  the  musselling  grounds,  and  to  the  railway  stations. 
Places  which  are,  from  the  point  of  view  of  construction 
and  purity  of  water,  the  most  suitable  ones  may  involve 
much  difficulty  by  way  of  getting  the  mussels  there  and 
removing  them  after  treatment,  and  it  is  to  be  feared 
that  insistence  on  such  places  would  simply  kill  the 
industry.  Add  to  these  difficulties  that  of  supervision — 
the  treatment  of  the  mussels  in  the  tanks  for  the 
necessary  time,  and  the  certification  of  the  bags  before 
despatch  to  the  markets — and  it  will  be  seen  that  the 
problem  of  devising  means  of  purification  for  the 
Cardigan  Bay  mussels  is  by  no  means  an  easy  one. 

I  am  putting  the  difficulties  as  clearly  as  possible, 
but  as  things  are  the  adoption  of  the  present  scheme  is 
imperative  in  the  interest  of  the  industry,  and  much  is 
to  be  gained  by  making  the  attempt.  We  hope,  also,  to 
overcome  the  difficulties  suggested  above  when  the  scheme 
is  made  to  work. 

We  may  now  consider  each  estuary  separately. 
(1)     Aberdovey, 

The  sketch  chart  on  the  next  page  shows  the  part  of 
the  estuary  adjacent  to  the  proposed  tank.  The  dotted 
line,  in  the  water,  represents  approximately  the  middle 
line  of  the  channel.  It  is  proposed  to  place  the  tank  on 
the  foreshore  to  the  east  of  the  Lifeboat  Slip.  The  tank 
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is  to  be  built  of  concrete  walls,  with  a  concrete  foundation 
and  bottom.     The  walls  rise  up  to  the  level  of  high-water 


of  the  lowest  neap  tides,  and  the  tank  is  to  have  a  depth 
of  about  three  feet  of  water  when  the  tide  has  exposed 
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it.  It  will  be  emptied  by  a  series  of  sea-cocks  just  before 
high  water,  and  filled  again  by  the  tide  flowing  over  the 
tops  of  the  walls.  The  water  emptying  from  the  tank, 
and  containing  refuse  matter  washed  out  from  the 
mussels,  will. thus  be  carried  away  by  the  flowing  tide, 
and  clean  flood-tide  water  will  take  its  place. 

The  sewer  outfall  is  marked  on  the  sketch  chart,  and 
a  series  of  arrows  showing  the  direction  of  the  flood- 
stream.  The  current  sets  directly  from  the  sewer  outfall 
up  the  channel  in  the  direction  of  the  tank,  but  when  the 
stream  is  running  very  strongly  in  the  channel  it  is 
practically  still  water  at  the  place  of  the  tank,  except  for 
a  slow  eddy  circulating  in  the  opposite  direction  to  that 
of  the  tidal  stream.  It  may  be  thought  that  this 
arrangement  involves  risk  of  contamination  of  the  tank 
from  the  sewer,  but  I  do  not  think  that  this  will  be  so. 
First  of  all,  the  main  drift  of  the  flood-stream  is  past 
the  tank,  and  the  eddying  water  will  be  greatly  diluted. 
This  dilution  is  very  great,  for  Mr.  Durlacher's  figures 
(published  in  the  Annual  Report  for  1913)  show  at  high 
water  the  density  of  the  water  in  the  estuary  is  every- 
where practically  the  same,  and  about  that  of  the  sea 
outside  the  bar  (about  1'026).  At  low  water  the  density 
is  also  nearly  uniform,  but  is  now  about  i'007  to  I'OIO. 
There  is  therefore  a  very  great  rise  in  density  during  the 
later  part  of  the  flood-stream,  indicating  an  enormous 
dilution  of  the  estuarine  water  by  water  from  the  open 
sea.  Only  traces  of  sewage  can  thus  reach  the  tank  in 
any  circumstances. 

An  extensive  series  of  bacteriological  analyses  of  the 
water  over  the  site  of  the  tank  was  made  in  June,  both 
from  samples  which  I  collected  myself,  and  some  sent 
me  by  Captain  Lewis.  Thus  : — 27th  June,  means  of  two 
series  of  analyses. 
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Collected  at  £  ebb-tide 

$  hour  after  J  ebb-tide  ... 

1     „         „  „ 

1     ,,     before  £  flood- tide 

5     »         ).              » 
flood- tide  


Per  Cubic 
Centimetre. 

109  sewage  bacteria. 
17 
15 
12 
12 
3 


And  on  2nd  July,  means  of  two  series  of  analyses. 


Collected  at  1  hour  before  high  water 

,,          ,,  high  water 

,,          ,,  £  hour  after  high  water 


Per  Cubic 
Centimetre. 

0  sewage  bacteria. 
2       „ 
4       „ 
20      „ 

Numerous  sewage 
bacteria. 


To  understand  rightly  these  figures  we  must  remember 
that  the  numbers  of  sewage  bacteria  per  cubic  centimetre 
of  crude  domestic  sewage  are  to  be  reckoned  by 
the  hundred  thousand.  Still  there  are  apparently 
anomalous  results  in  that  the  water  just  after  high  water 
may  contain  more  sewage  bacteria  than  one  can  regard  as 
desirable.  This  result  is,  however,  easily  explained 
away.  It  is  the  practice  at  Aberdovey  to  liberate  the 
sewage  from  the  main  outfall  during  the  flood  tide  so  as 
to  avoid  fouling  the  sands  where  bathing  goes  on.  This 
occurs  during  June  and  July,  in  which  months  my 
samples  were  collected.  When  the  bathing  season  is 
over  the  sewage  is,  I  believe,  discharged  at  all  states  of 
the  tide.  Probably,  then,  the  contamination  of  the 
shore  on  the  site  of  the  tank  is  much  more  likely  during 
the  holiday  season  than  it  would  be  during  the  mussel 
season  in  the  winter  months.  It  is  small,  at  the  worst, 
and  it  may  effectually  be  prevented  by  arranging  to 
liberate  the  sewage,  during  the  mussel  season,  only  on  the 
ebb-tide.  This  ought  to  be  as  easy  to  do  in  the  interest 
of  the  mussel  industry  in  the  winter,  as  the  opposite 
procedure  is  in  the  interest  of  holiday-makers  in  the 
summer.  If  it  is  conscientiously  carried  out,  the  tank 
will  remain  unpolluted. 
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(2)     Barmouth. 

The  plans  for  the  erection  of  a  tank  at  Barmouth  are 
very  similar  to  those  for  Aberdovey.  The  sketch  chart 
shows  the  part  of  the  Estuary  where  it  is  proposed  to 
carry  out  the  works.  I  visited  this  place  twice  during 
last  June,  and  further  samples  of  mussels  were  collected 
for  me  by  Captain  Lewis.  It  was  suggested  by  Captain 


Lewis  that  a  tank  could  be  placed  on  the  shore  just  East 
from  Aberamffra,  between  two  prominent  rocks  jutting 
out  from  the  shore.     On  further  consideration,  however, 
we  decided  to  recommend  that  the  tank  be  built  close  1 
the  Eastern  Quay  at  the  place  marked  on  the  ch 

The  direction  of  flow  of  water  in  the  Estuary,  and 
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the  probable  drift  of  sewage,  were  worked  out  by 
Mr.  Durlacher,  and  his  results  were  given  in  last  year's 
Annual  Report.  By  far  the  greater  part  of  the  sewage 
is  discharged  from  the  main  sewer  well  outside  the  mouth 
of  the  Estuary,  and  this  cannot  affect  the  water  at 
Aberamffra.  But  there  is  another  broken  sewer  pipe 
discharging  into  the  Estuary  about  a  quarter  of  a  mile 
below  the  Bridge,  there  are  some  privies  on  the  quay- 
side, and  there  are  drains  from  four  houses  on 
Aberamffra  Cliff  which  discharge  directly  on  the 
foreshore.  These  are  the  sources  of  contamination.  A 
very  unfortunate  condition,  affecting  Aberdovey, 
Barmouth  and  Portmadoc,  is  the  configuration  of  the 
Estuaries.  Because  of  the  sandbanks  and  the  very 
shallow  water  on  the  bars,  these  are,  to  some  extent, 
"  bottle-necks."  In  each  case  the  Estuary  is  wide 
above,  and  narrow  at  its  mouth,  and  as  a  result  there  is 
not  a  complete  change  of  water  at  neap  tides.  At 
Barmouth  and  Portmadoc  the  water  in  the  upper  parts 
of  the  rivers  is  probably  changed  completely  during  the 
springs,  but  at  neaps  only  a  part  becomes  carried  out  to 
sea.  Some  water  therefore  oscillates  up  and  down 
between  the  bar  and  the  upper  reaches  for  several  days, 
becoming  charged  with  sewage  all  the  while.  This 
is  less  the  case  at  Aberdovey  than  in  the  other  two 
Estuaries,  but  it  is  still  a  matter  to  be  considered. 

At  Barmouth  the  flood  stream  takes  the  general 
direction  indicated  by  the  arrows  drawn  on  the  sketch 
chart.  Water  previously  containing  sewage  flows  close 
to  Aberamffra,  but  does  not  enter  the  harbour  directly. 
There  is  a  slow  eddy  there  which  is  roughly  indicated  on 
the  chart. 

It  might  seem,  therefore,  that  the  proposed  situation 
of  the  tank  is  such  that  it  cannot  avoid  contamination, 
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and  Mr.  Durlacher  was  of  opinion  that  Aberamffra  was 
an  unsuitable  place  for  a  tank.  But  on  consideration  of 
all  the  facts  I  do  not  think  the  risk  of  pollution  will  be 
significant  provided  that  certain  alterations  in  the 
existing  sewerage  can  be  carried  out.  Mr.  Durlacher 
suggested  that  Penrhyn  Point  and  its  neighbourhood  was 
the  best  place  in  the  Estuary,  but  while  this  may  be  so, 
it  will  probably  be  found  that  this  place  is  inconvenient 
for  the  fishermen,  who  will  then  refuse  to  use  it.  The 
risk  taken  at  Aberamffra  is  that  from  the  sewer  in  the 
harbour  and  from  the  drains  at  the  houses  on  Aberamffra 
Cliff.  Now  the  sewer  in  the  harbour  ought  to  be 
repaired,  and  it  does  not  seem  a  difficult  task  to  connect 
together  the  separate  drains  from  Aberamffra  Cliff  and 
arrange  that  they  discharge  by  a  single  outfall  on  ebb- 
tide only.  It  seems  to  me  to  be  an  easy  task  for  an 
engineer  to  arrange  a  flap  at  the  mouth  of  the  outfall 
sewer,  worked  by  a  buoy  which  will  open  the  flap  when 
the  tide  is  ebbing  and  close  it  when  the  flood  stream 
begins.  These  two  changes  in  the  existing  sewerage 
would  probably  prevent  any  serious  contamination  of 
Aberamffra  harbour. 

Further  Mr.  Durlacher' s  results  show  that  there  is 
a  great  rise  in  the  density  of  the  water  at  Aberamffra 
between  low  water  and  high  water- — a  rise  very  similar 
to  that  at  Aberdovey.  This  indicates  a  very  considerable 
dilution  of  estuarine  water  by  open  sea  water,  and 
encourages  us  to  think  that  water  taken  at  about  the  time 
of  full  flood  will  be  practically  uncontaininated. 

No  water  samples  were  taken  at  Aberamffra,  for  it 
was  found  that  there  were  plenty  of  small  mussels  on  the 
rocks  at  the  place  where  the  tank  is  to  be  constructed. 
Two  series  of  samples  of  these  mussels  were  taken,  and 
estimates  of  the  contained  sewage  bacteria  were  made. 
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22  June,  1918.     Neap  tides.    Half-flood  tide. 

Present  in  1/50  part  of  a  mussel  (5  estimations) 
1,     1,     0,     2,     0    sewage  bacteria. 

22  June,  1915.    Neap  tides.    Low  water. 

Present  in  l/50th  mussel  (5  estimations) 

1,  1,     2,    0,     0     sewage  bacteria. 

30  June,  1915.    Spring  tides.    Half-flood  tide. 

Present  in  l/50th  mussel  (5  estimations) 

2,  1,     1,     1,     1     sewage  bacteria. 

30  June,  1915.    Spring  tides.    Low  water. 

Present  in  l/50th  mussel  (5  estimations) 

12,    7,     5,   12,   8    sawage  bacteria. 

In  none  of  these  cases  can  I  regard  the  amount  of 
pollution  indicated  by  the  analyses  as  significant,  and 
one  must  remember  that  the  conditions  will  be  materially 
improved  by  the  alterations  in  the  sewerage  which 
I  have  suggested  above. 

(3)     Portmadoc. 

The  situation  with  regard  to  the  mussel  fisheries  at 
Portmadoc  is  rather  different  from  that  at  Aberdovey  or 
at  Barmouth.  The  industry  there  has  practically  been 
stopped  on  account  of  the  embargo  laid  on  the  mussels 
by  several  market  authorities.  It  is  a  bigger  industry 
than  that  at  the  other  twTo  estuaries,  though  it  is  very 
small  compared  with  the  great  mussel  fisheries  of 
Conway  and  Morecambe  when  these  were  at  their  best. 
Some  remedial  measures  are  very  desirable  in  the  case  of 
Portmadoc,  especially  this  season  when  mussels  appear 
to  be  unusually  abundant  in  the  estuary.  The  difficulty 
in  dealing  with  this  place  is  not  only  that  of  expense, 
but  as  Dr.  Jenkins  pointed  out  in  his  Report  of  June 
last,  a  harbour  improvement  scheme  is  being  promoted. 
Further,  a  sewerage  scheme  has  been  suggested,  and  is 
apparently  in  abeyance  in  the  meantime.  In  the 
circumstances  of  possible  new  sewers  and  changed  river 
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channels,  it  seems  unwise  to  proceed  with  the  erection  of 
tanks  which  might  become  unsuitably  placed. 

I  visited  Portmadoc  on  13th  October,  and  saw  the 
place  which  was  suggested  locally  as  suitable  for  the 
erection  of  a  mussel  cleansing  tank.  This  was  on  the 
South  slope  of  the  Ffestiniog  Railway  embankment,  in 
the  angle  between  this  and  the  "New  Wharf"  (see  my 
chart  in  the  Annual  Report  for  1913).  It  did  not  seem 
to  me  to  be  a  suitable  place,  and  until  a  report  has  been 
obtained  from  a  Surveyor  as  to  the  practicability  of 
erecting  a  tank  there  at  a  reasonable  cost  the  project  can 
hardly  be  discussed.  Samples  of  water  were  taken  for 
analysis  from  the  place  suggested,  and  the  results  are  as 
follows  :  — 

About  J  hour  ebb,  24  sewage  bacteria  per  cubic  centimetre. 

.,      1     »       „     31 

,.      1J   „       ,,     10 

Q  17 

II        "       l>         l>          '  »>  »l 

,.      3     „       „     15 

»      "     »>       n      ™  »  » 

At  about  3  hours'  ebb  the  sands  South  from  the 
embankment  had  dried,  and  the  samples  were  taken  from 
different  parts  of  a  small  channel  running  nearly  parallel 
to  the  embankment.  The  contamination  indicated  by 
these  samples  was  not  excessive,  but  it  is  greater  than  is 
desirable. 

The  most  satisfactory  provisional  way  of  dealing 
with  the  Portmadoc  mussels  would  be  to  take  them  to  the 
tanks  either  at  Aberdovey  or  Barmouth  for  treatment. 
I  understood,  however,  that  the  fishermen  were  reluctant 
to  agree  to  this  proposal. 

A  New  Mussel  Bed  at  Bard  sea. 

On  4th  October,  Mr.  A.  Scott  and  I  visited  a  mussel 
bed  now  forming  at  what  is  called  Wadhead  Scar,  near 
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Conishead  Priory,  near  Ulverston,  in  Morecambe  Bay, 
The  bed  was  examined  and  samples  were  taken  for 
analysis.  No  indications  of  sewage  on  the  bed  itself 
could  be  detected.  The  analysis  gave  what  I  regard  as 
satisfactory  results: — In  I/ 25th  part  of  a  mussel  there 
were  13,  15,  20,  31,  10  sewage  bacteria  (in  5  estimations). 
Considering  these  low  counts,  and  the  distance  of 
the  mussel  bed  from  any  considerable  source  of  pollution, 
I  think  that  the  latter  may  be  regarded  as  free  from 
serious  contamination. 
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APPENDIX    II. 

(From  Quarterly  Report  of  November,  1915.) 

MR.  SCOTT'S  REPORT  ON  THE  MORECAMBE  BAY  "WHITEBAIT" 
FISHERY  AND  MUSSEL  BEDS. 

Visits  have  been  made  recently  to  two  of  the  fishing 
centres  in  the  northern  area  of  Morecambe  Bay  to  inspect 
the  "whitebait"  fishery  and  the  mussel  beds  at  the 
respective  places,  and  to  gather  any  information  and 
specimens  of  value. 

The  "whitebait"  fishery  at  Morecambe,  which  has 
developed  into  a  valuable  asset  to  the  fishermen  there 
during  the  winter  months,  has  suffered  owing-  to  the 
war.  The  fish  have  also  been  very  scarce  during  the 
past  summer.  Previous  to  the  war,  good  prices  were 
being  obtained  in  the  London  markets,  but  the  sale  at 
remunerative  prices  is  now  almost  impossible.  A 
considerable  trade  has  more  recently  been  done  in 
connection  with  a  demand  for  preserving  purposes 
"somewhere  in  England."  In  the  winter  months,  and 
until  at  least  the  beginning  of  March,  the  majority  of 
the  marketable  "whitebait"  caught  at  Morecambe  are 
nearly  adult  sprats.  The  range  in  length  is  from 
3^  to  4|  inches.  When  the  reproductive  organs  reach 
maturity  the  sprats  migrate  into  deeper  water  to  spawn, 
and  the  coastal  fishery  may  then  become  unproductive. 
The  reproductive  organs  of  sprats  caught  at  Morecambe 
reach  maturity  in  February,  and  the  adults  soon  after 
disappear.  It  apparently  frequently  happens  that  when 
the  sprats  leave  the  inshore  waters  to  spawn,  they  are 
replaced  by  shoals  of  young  herring  from  2|  to  4f  inches 
in  length.  This  invasion  of  young  herring,  if  extensive 
and  lasting,  may  prolong  the  "whitebait"  fishery 
throughout  the  summer  months.  Some  of  the  samples 
of  Morecambe  "whitebait"  examined  during  the  past 
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summer  contained  86%  of  young  herring.  The 
remaining  14%  were  young  sprats  2|  inches  long. 
When  the  sprats  disappeared  from  the  Morecambe  area 
early  in  the  spring  of  the  present  year  the  shoals  of 
young  herring  failed  to  appear  in  any  quantity.  The 
prosecution  of  the  fishery  was,  of  course,  abandoned  for 
the  time  being.  The  only  places  where  samples  could 
be  obtained  for  examination  were  the  "baulks"  at  the 
West  end.  The  fish  were  left  stranded  by  the  receding 
tide  and  gathered  up  by  hand.  The  stranded  fish  were 
occasionally  used  to  bait  the  eel  traps  by  the  owner  of 
the  "baulks."  The  "baulks"  act  as  a  barometer  to 
the  "whitebait"  fishermen,  and  they  know  from  the 
quantity  stranded  whether  it  will  be  worth  while 
applying  for  permits  to  use  small-meshed  nets  for  their 
capture.  The  fishermen  complained  of  the  decreased 
demand  in  the  London  market  owing  to  the  giving  up  of 
"whitebait"  dinners,  etc.  I  suggested  that  an  attempt 
might  be  made  to  induce  the  owners  of  fried  fish  shops 
to  use  "whitebait"  if  the  usual  fish  supplies  were 
unavailable.  Some  of  the  owners  of  the  shops  were 
interviewed,  but  they  were  not  very  enthusiastic.  They 
say  the  usual  supplies  of  flat  and  other  fish  are  well 
maintained,  and  they  have  no  difficulty  in  getting  what 
they  want.  This  was  certainly  the  case  when  I  visited 
Morecambe.  I  saw  some  very  fine  catches  of  soles,  cod, 
etc.,  which  had  been  landed  by  the  local  half -decked 
boats  that  morning.  Some  of  the  more  enterprising 
fishermen  might  try  the  experiment  for  themselves  on 
the  visitors  in  the  same  way  as  they  have  developed  the 
potted-shrimp  industry.  "Whitebait"  caught  and 
used  locally  is  to  be  preferred  to  that  which  has  had  a 
long  railway  journey. 

The  Ulverston  mussel  beds  were  visited  twice,  the 
first  time  with  Dr.  Jenkins  and  the  second  time  with 
Dr.  Johnstone.  The  Priory  bed,  which  has  occasionally 
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produced  good  mussels  in  the  past,  is  now  almost  entirely 
destroyed  by  the  alteration  of  the  channel.  The  bed  was 
formed  on  the  edge  of  the  channel  leading  to  the  pier 
belonging  to  the  North  Lonsdale  Iron  Company.  This 
channel  was  much  used  by  small  steam  vessels  coming  to 
load  pig  iron,  and  a  good  deal  of  fresh  and  other  water 
from  Ulverston  found  its  way  by  it  to  the  sea.  The 
channel  is  now  filled  up  by  the  shifting  sands  of  the  Bay, 
and  the  steamer  traffic  ended.  The  silting  up  of  the 
Priory  bed  is  not  a  great  misfortune,  as  Dr.  Johnstone 
has  shown  in  one  of  his  reports  that  it  was  contaminated 
by  sewage.  It  was  not  very  desirable,  therefore,  that 
the  mussels  should  be  used  as  food.  The  Bardsea  bed  on 
the  edge  of  the  same  channel  that  formerly  flowed  past 
the  Priory  bed  is  about  a  mile  further  West.  It  is 
covered  with  a  good  supply  of  small  mussels,  but  there 
are  very  few  that  are  much  over  2  inches  long.  There 
is  little  prospect  of  a  fishery  during  the  present  season. 
The  bed  is  not  quite  beyond  the  reach  of  sewage,  and 
the  mussels  may  occasionally  be  slightly  contaminated. 

When  we  visited  the  Bardsea  bed  our  attention  was 
drawn  to  a  flock  of  gulls  which  were  feeding  on  the 
adjacent  sands,  and  to  the  excreta  evacuated  by  them. 
These  excreta  consisted  of  well-defined  heaps  of  white, 
pale  pink  and  dark  shells.  The  white  shells  proved  to 
be  fragments  of  barnacles,  which  the  birds  had  obviously 
broken  away  from  stones,  mussel  shells,  etc.  The  pink 
heaps  represented  the  shells  of  "  henpens "  (Tellina 
balthica],  which  live  close  to  the  surface  of  the  sandy 
mud  between  tide  marks.  The  dark  heaps  consisted  of  com- 
minuted mussel  shells.  The  heaps  were  practically  pure, 
showing  that  the  gulls  had  applied  themselves  to  one  kind 
of  food  at  a  time.  The  barnacles,  "henpens,"  and  most 
of  the  mussels  had  obviously  passed  right  through  the 
alimentary  canal,  and  were  very  fragmentary.  In  some 
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cases,  however,  it  was  evident  that  the  mussel  shells  had 
been  regurgitated,  as  they  were  quite  whole,  the  soft 
parts  were  undigested,  and  the  valves  not  even  separated. 
Some  of  the  undamaged  shells  measured  23  millimetres, 
or  nearly  an  inch  in  length.  In  the  Quarterly  Report 
drawn  up  in  January,  1910,  I  reported  on  the  destruction 
of  young  cockles  by  gulls  on  the  Flookburgh  beds. 
These  beds  are  on  the  opposite  side  of  the  Leven  from 
the  Ulverston  mussel  beds.  They  extend  eastward  along 
the  sands  in  front  of  the  village  of  Flookburgh,  and  still 
further  East.  Since  the  beginning  of  the  war,  many  of 
the  Flookburgh  cocklers  have  gone  into  the  munition 
works,  and  the  fishery  has  decreased.  The  reduced 
fishery  doubtless  leaves  more  cockles  undisturbed  in  the 
sands  than  when  there  is  great  activity.  It  is  difficult 
to  say  whether  cockles,  when  undisturbed,  are  beyond 
the  reach  of  the  seagulls.  Tlie  fishermen  say  they  have 
seen  the  gulls  tread  the  cockles  to  the  surface  with  their 
feet,  much  in  the  same  way  as"  a  man  uses  the  "  jumbo." 
This  may  be  an  exaggeration.  When  the  cockle  fishery 
is  being  prosecuted,  the  cockles  collected  are  riddled  to 
remove  the  undersized  ones.  These  are  usually  left  on 
the  surface  of  the  sand,  and  are  practically  presented  to 
the  gulls.  It  may  well  be  that  in  the  absence  of  a  cockle 
fishery  the  gulls  are  compelled  to  obtain  other  food,  and 
so  take  what  is  easily  to  be  had.  This  would  explain 
their  feeding  on  barnacles,  "  henpens "  and  young 
mussels,  as  these  are  all  on,  or  very  close  to,  the  surface 
of  the  sand.  The  fisherman  will  not  object  to  the 
destruction  of  every  barnacle  along  the  shore,  as  he  looks 
upon  them  as  an  affliction  that  could  be  well  done 
without.  "Henpens"  and  young  mussels,  when 
abundant,  generally  attract  flounders  and  plaice.  An 
extensive  competition  by  gulls  for  this  kind  of  food 
might  interfere  with  the  development  of  a  fluke  fishery. 
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ON  THE  TUBE  OF  A  RARE  POLYCHAETE  WORM, 

TEREBELLA  (LANICE)  SETICORNIS,  MC!NTOSH, 

DREDGED  WEST  OF  THE  ISLE  OF  MAN. 

BY  ARNOLD  T.  WATSON,  F.L.S. 

[Read  12th  May,  1916.] 

The  specimen  to  which  this  note  refers  was  collected  by 
me  about  20  years  ago,  when  dredging  with  Professor  Herdman 
and  the  members  of  the  Liverpool  Marine  Biology  Committee, 
to  the  west  of  the  Isle  of  Man,  20  to  30  fathoms. 

The  tube  only  was  secured,  of  which  a  full-sized  drawing 
is  now  given  (see  fig.  on  next  page). 

This  tube,  the  bore  of  which  is  T%  in.  (say  4  mm.)  and  the 
length  over  all  3f  in.,  is  formed  of  fragments  of  shell  and  flat 
stones.  These  fragments  in  the  lower  part  are  fairly  large, 
but  for  a  short  distance,  just  beneath  the  two  triangular  plates, 
or  palms,  which  support  the  radiating  filaments  forming  the 
fans,  the  fragments  are  much  smaller  and  the  external  diameter 
of  the  tube  is  consequently  reduced. 

The  triangular  palms,  although  each  consisting  of  about  25 
fragments  of  shell  or  stone  firmly  cemented  together,  are 
beautifully  symmetrical  in  outline.  They  are  extensions  of 
opposite  edges  of  the  mouth  of  the  tube,  which  are  expanded 
and  so  flattened  out  as  almost  to  touch  one  another. 

To  the  edges  of  each  palm  are  attached  about  14  radiating 
filaments.  These  filaments,  practically  all  of  which  are  un- 
branched,  are  composed  of  sand-grains,  echinus  spines,  and 
miscellaneous  material,  attached  end  to  end,  in  single  line, 
supported  by  the  mucous  secretion  of  the  worm. 

Several  of  the  filaments  are  incomplete  or  broken,  but  12 
are  terminated  by  hair-like  processes,  consisting  of  smooth 
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round  hairs,  secretal  threads,  or  other  material,  the  exact  origin 
of  which  it  is  difficult  to  decide. 

The  fan  measures  1|  in.  across. 

So  far  as  I  have  been  able  to  ascertain,  no  similar  specimen 
has  previously  been  recorded  as  British. 

Although  much  larger  than  the  tube  obtained  from  the 
mouth  of  the  Rio  de  la  Plata,  South  America,  described  and 
figured  by  Mclntosh,  in  the  "  Challenger  "  Report  (Zool.  vol. 
xii,  p.  448  ;  Plate  xlix,  Fig.  4),  and  although  there  are  points  of 
difference  as  regards  the  filaments,  &c.,  still  the  general  resem- 
blance between  the  two  is  such  that  I  think  the  Port  Erin 
specimen  should  be  recorded  as  belonging  to  the  species 
Terebella  (Lanice)  seticornis,  created  by  Mclntosh  for  the 
South  American  tube. 


A.W.DEI 
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